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Travel Accounts of the Southern Plains: 1800—1850* 

by EDWIN W. GASTON, JR. 

Stephen F. Austin State College 

INTRODUCTION 

Within the vast expanse of Western America lies an irregular ob¬ 

long-shaped stretch of semi-arid land that is bounded on the east by 

approximately the ninety-eighth meridian, on the north by the South 

Platte, on the west by the Rocky Mountains, and on the south by the 

Rio Grande. From two to three hundred miles wide and from eight 

hundred to a thousand miles long, it embraces Western Kansas, East¬ 

ern Colorado, Western Oklahoma, Western Texas, and Eastern New 

Mexico. It is called the Southern Plains1 and serves as the setting for 

events with which this paper deals. 

About a century and a half ago, shortly after the Louisiana Purchase, 

the vanguard of the Anglo-Americans appeared on the Southern Plains 

and ushered in a colorful era in the history of this nation. These early 

arrivals—soldiers, traders, adventurers, artists, and literary men— 

followed in the tradition of pioneers in earlier American frontiers2 by 

the manner in which they recorded experiences. Their literary efforts, 

like those of William Bradford and John Winthrop of colonial New 

England, took not the form of belles lettres but, rather, those of obser¬ 

vations, records of plants and animals and primitive people, and the 

minutiae of pioneer life. Then, just as the works of John Filson3 and 

Gilbert Imlay4 are not particularly distinguished by belletristic quali¬ 

ties, so do these early writings of the Southern Plains generally leave 

something to be desired from the standpoint of literary excellence. 

These shortcomings notwithstanding, the books and journals of this 

region prove highly significant as vivid records of the life and times. 

*A paper presented December, 1957, to Social Sciences Section, The Texas 

Academy of Science. 

1 Carl Coke luster,. Southern Plainsmen (Norman, 1938), xiii. 

2 Mabel Major, si ah, Southwest Heritage (Albuquerque, 1948), 49-58. 

3 John Filson, The Discovery, Settlement and Present State of Kentucke (1784). 

4 Gilbert Imlay, Topographical Description of the Western Territory of North 

America (1792). 

3 
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A substantial amount of writing5 concerns early life on the South¬ 

ern Plains—so much, in fact, that an adequate treatment of all of it 

lies well beyond the scope of this paper. For this reason, it has been 

necessary to restrict the bounds of the study to the years 1800 to 1850 

and to those works relating primarily to travel undertaken for reasons 

of military exploration and expedition, trade, adventure, and the pro¬ 

curement of fresh materials as in the case of artists and literary men. 

In the subsequent discussion, representative examples of these par¬ 

ticular works will be considerede and appraised. 

TRAVEL ACCOUNTS OF THE SOUTHERN PLAINS: 1800-1850 

At the head of the strange assortment of soldiers and Indians, mov¬ 

ing up the Missouri River from St. Louis on July 15, 1806, Zebulon 

Montgomery Pike, a twenty-seven-year-old lieutenant of the United 

States Army, reviewed his orders.6 He was to return the Indians, 

fifty-one captives rescued from the Potowatomies, to their home in 

the Grand Osage Village. Then he was to seek to effect peace between 

the “Karnes” and Osage nations, as well as to work for an understand¬ 

ing with the “Yanctons, Tetaus, or Camanches.” Finally, he was to 

explore the headwaters of the Arkansas and Red rivers and to recon¬ 

noitre the Spanish settlements of New Mexico. 

Pervading Pike’s thoughts, too, perhaps was the veiled hint that the 

expedition had purposes other than those set forth in the official orders 

of his superior, General James Wilkinson. For upon returning home 

more than a year later from his arduous expedition, the young officer 

found his name coupled with the Burr-Wilkinson scheme for a South¬ 

western empire. But while there seems little doubt that Wilkinson 

ordered the tour with the expectation that the findings would be help¬ 

ful in promoting his designs, it cannot be determined whether the 

leader of the expedition was aware of the plan.7 Pike protested his 

innocence to Henry Dearborn, United States secretary of war, and was 

cleared of any possible guilt. Nevertheless, the case has remained one 

of fruitful speculation for historians and has helped to perpetuate 

Pike’s name. 

Aside from any possible ulterior motives, purposes that fitted gen¬ 

erally into an over-all plan of Western exploration prompted the 

5 Vide Henry R. Wagner, The Plains and the Rockies (Columbus, 1953), for a 

bibliography of narratives dealing in part with the Southern Plains from 1800 to 

1865. 

6 Vide Major Z. M. Pike, An Account of Expeditions . . . (Philadelphia, 1810), 

107-08, for the instructions given Pike by General Wilkinson. 

7 LeRoy Hafen and Carl Coke Rister, Western America (New York, 1950), 184. 
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Pike expedition. The Louisiana Purchase had brought under American 

control an almost wholly virgin wilderness, whose boundaries and 

geography alike were unknown. Soon after the acquisition, conse¬ 

quently, President Jefferson dispatched Lewis and Clark on an explora¬ 

tion that in the years 1804-1806, traversed the continent from St. Louis 

to the Pacific Ocean and accumulated a great fund of scientific and geo¬ 

graphic information. The Pike expedition, too, though not directly 

inspired or fostered by Jefferson, was nonetheless a government enter¬ 

prise, being carried out by members of the United States Army with 

the full knowledge and the sanction of the secretary of war.8 

For this particular assignment, Pike was especially fitted. In the 

summer of 1805, he had been dispatched by Wilkinson to explore 

the sources of the Mississippi River and to assert the authority of the 

government over those residing on its upper waters. This mission, 

which took about nine months, the ambitious9 Pike had directed ably 

and successfully, thus setting the stage for his second and more signifi¬ 

cant expedition. 

From Belle Fontaine, the Army cantonment north of St. Louis, Pike 

and his party set out. Up the Missouri they worked their way for six 

weeks until they reached the waters of the Osage. There they sold 

their boats for a hundred dollars and purchased horses with which to 

continue the journey. After delivering its wards to their home in the 

Grand Osage Village, the expedition moved westward across the plains 

and into the mountains of Colorado and New Mexico, where, in the 

winter of 1806-1807, it suffered extreme hardship produced by the 

bitter mountain cold. As Frederick S. Dellenbaugh suggests, Pike had 

started on the expedition “apparently with no information as to the 

route, with no guides, and with no proper equipment.”10 And as Erna 

Fergusson concludes, “Like many later travelers they thought they 

were going into warm country.”11 

As well as experiencing many hardships in the mountains, Pike 

also found extreme beauty in the towering peaks, one of which was 

to bear his name. Of this particular landmark, he wrote on November 

27, 1806: 

8 Milo Milton Quaife, editor, The Southwestern Expedition of Zebulon M. Pike 

(Chicago, 1925), xiii. 

9 Vide Allen Johnson, editor, Dictionary of American Biography (22 vols., New 

York, 1928), XIV, 599, for the following and other comments by LeRoy Hafen: 

“For several years prior to his expeditions in 1805, 1806, 1807, Pike had restlessly 

awaited an opportunity while serving with the frontier army, to distinguish himself.” 

10 Frederick S. Dellenbaugh, Breaking the Wilderness (New York and London,, 
1905), 180. 

11 Erna Ferguson, New Mexico (New York, 1951), 235. 
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The summit of the Grand Peak . . . now appeared at the distance of 15 or 

16 miles from us, and as high again as what we had ascended, and would 

have taken a whole day’s march to have arrived at its base, when I believe 

no human being could have ascended to its pinical.12 

Despite Pike’s pessimistic appraisal of the peak’s accessibility and the 

fact that he did not undertake to climb it, Edwin James, member of 

the Long expedition of 1819-1820, succeeded in mounting to the 

summit.13 

Eventually, Pike crossed the Sangre de Cristo mountains and en¬ 

tered the valley of the Rio Grande which he took to be that of Red 

River. The Spaniards learned of his presence, and sent a force to 

arrest and escort the party to Santa Fe. From there, the American 

captives were sent on to Chihuahua to be interrogated by Nemesio 

Salcedo, commandant-general of the Spanish Interior Provinces. How¬ 

ever, “that dignitary could think of nothing better to do with the plucky 

Yankee and his little band than to send them to the United States 

border under escort which conducted them by way of the Presidio 

del Rio Grande and San Antonio to Nachitoches.”14 

Although the Spanish officials had seized Pike’s papers, the resource¬ 

ful soldier, who was to rise to the rank of brigadier general before his 

death during the War of 1812, wrote a detailed and valuable account 

of his expedition. His narrative,15 in fact, “was perhaps the most in¬ 

formational account of New Mexico, Chihuahua, and Texas ever to 

be had in the United States up to that time.”10 In one respect, Pike 

erred terribly by writing of the plains as a desert, and for this and 

other flaws in his report he has been criticized.17 Nevertheless, his work 

remains significant as one giving an insight into the topography, cli¬ 

mate, Indian and Mexican life, and countless other sides of the South¬ 

ern Plains. 

Another significant literary work grew out of a second military 

12 Pike, op. cit., 169. 

13 Infra, 8. 

14 Rupert Norval Richardson and Carl Coke Rister, The Greater Southwest 

(Glendale, 1934), 115. 

15 Pike, op. cit. 

16 Richardson and Rister, op. cit., 116. 

17 Robert E. Spiller, et al., Literary History of the United States (New York, 

1953), 765, contend: “His [Pike’s] flair for rhetoric not only gave an Elysian color¬ 

ing to his description of the Kansas prairies . . . but also led him to exaggerate the 

.sterility of the Great Plains . . . which he compared to the Sahara so vividly as to 

establish the myth of a Great American Desert east of the Rockies.” And Noble L. 

Prentis, “Pike of Pike’s Peak,” in Transactions of the Kansas State Historical Society, 

VI (1897-1900), 325-36, said: “. . . Pike’s narratives . . . betray no evidence of 

very great literary attainments.” 
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exploration of the Southern Plains. Some thirteen years after Pike’s 

expedition, Major Stephen F. Long and a party of twenty men left the 

Missouri River at Council Bluffs and moved westward toward the 

Rocky Mountains. As originally planned, the exploration was to have 

been a part of the ill-fated Yellowstone expedition, which was designed 

to establish military posts on the upper Missouri for protection of the 

growing fur trade, to effect control over the Indian tribes, and to lessen 

the influence which British trading companies were believed to exert 

upon the Amerinds.18 Moreover, the exploration was to have marked 

the use for the first time of steamboats on the Missouri. But in the 

spring of 1819 defects in the plans began to hamper the execution of 

the project. A contractor without competition or adequate securities 

had been employed to furnish the steamboats, and he failed to make 

prompt delivery. Then, mechanical difficulty developed in some of the 

boats, causing still further delay. Finally, Congress became annoyed 

and refused to appropriate sufficient funds to carry out the original 

plan.19 This action left the Long party, which set out June 6, 1820, 

from Council Bluffs, as the only group able to operate. 

After exploring the country in the vicinity of what is now Denver 

and Colorado Springs, Long crossed to the Arkansas River. There his 

party divided, with one group under Captain John R. Bell being sent 

downstream, and the remainder under Long moving south to look for 

the Red River. Long’s party, however, confused the Canadian River 

for the Red,20 and followed it to its junction with the Arkansas. At Fort 

Smith, the appointed rendezvous of the two groups, Long finally 

arrived to find that three soldiers had deserted the Bell party, taking 

with them the scientific records of the expedition. 

Notwithstanding the loss of the records, the Long expedition was 

able to provide a notable account of its work. Dr. Edwin James, a 

Vermont-born botanist, geologist, and surgeon attached to the party, 

had kept a personal journal; and from this record came the official 

narrative.21 James also earned fame by becoming the first American 

to scale the Colorado peak that Pike had said22 could not be reached. 

Touching upon portions of the Mississippi Valley and plains, James’ 

18 Reuben Gold Thwaites, editor, Early Western Travels (32 vols., Cleveland, 

1904-07), I, 9. 

19 E. Douglas Branch, Westward (New York and London, 1930), 308. 

20 Dellenbaugh, op. cit., contends that Long failed to find the Red River for sub¬ 

stantially the same reason as did Pike (Supra, 5); i.ehe failed to reconnoiter prop¬ 

erly before proceeding. 

21 Edwin James, Account of an Expedition . . . (in R. G. Thwaites, editor, Early- 

Western Travels, 32 vols., Cleveland, 1904-07), I. 

22 Supra5 4-5. 
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work is filled with careful observations of the prairies and mountains, 

climate, topography, and animal and plant life. But it confirms the 

gloomy report of Pike23 about a great desert,24 observing: 

In regard to this extensive section of country, I do not hesitate in giving the 

opinion, that it is almost wholly unfit for cultivation, and of course unin¬ 

habitable by a people depending upon agriculture for their subsistence. . .25 

These pioneer expeditions—Pike’s and Long’s—served to acquaint 

the American public with the character of a large portion of the West, 

including the Southern Plains. “They had marked out in a measure,” 

says Walter Prescott Webb, “the trails that were to be thrown across 

the Plains to Oregon, California, and Santa Fe.”26 They had also given 

to the nation literary works, which, with those of other soldiers, traders, 

adventurers, artists, and writers who were to follow, would form a 

comprehensive word picture of the life and times. 

Almost hand in hand with the military exploration and expedition 

in the Southern Plains came the development of commerce, the chron¬ 

iclers of which serve as a second major category of writers of early 

travel accounts. As early as 1804, about two years before Pike’s second 

expedition, William Morrison, a prominent Illinois merchant, sent an 

assortment of merchandise into Santa Fe. The purveyor of these goods, 

Jean Baptiste LaLande, in fact, met Captain Pike there in 1807.27 

Out of this early effort of an American merchant there developed 

what came to be known as the “commerce of the prairies.” Much of 

the trade originated in St. Louis from which it moved westward by 

boat to outfitting points on the river, and then took the overland route 

to Santa Fe. 

Connected in some way with this early commerce of the Santa Fe 

trail, three men and women produced literary works of substantial 

merit. While theirs are not the only records of this phase of life in and 

around the Southern Plains, they are representative of the writings 

and will be treated as such. These authors were Susan Magoffin, Josiah 

Gregg, and Lewis H. Garrard. 

One of the early American women to travel the Santa Fe trail, Susan 

23 Supra, 5. 

24 Vide Ralph C. Morris, “The Notion of a Great American Desert East of the 

Rockies,” in Mississippi Valley Historical Review, XIII (June, 1926, to March, 

1927), 190-200, for an interesting discussion of this question. 

25 James, op. cit., 20. 

26 Walter Prescott Webb, The Great Plains (Boston and New York, 1936), 147. 

27 Hafen and Rister, op. cit., 246. 
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Shelby Magoffin kept a diary as a means of amusement and companion¬ 

ship. The journey undertaken by this Kentucky bride of eighteen and 

her husband, Samuel Magoffin, was, nominally at least, a trading expe¬ 

dition of James and Samuel Magoffin, brothers and partners. In a 

trade started by James Magoffin before 1828, the brothers yearly, and 

sometimes twice a year, took large caravans of goods into Santa Fe 

and old Mexico. This particular expedition, however, was different 

from the others. The Mexican War had begun, and James Magoffin 

was really on a secret mission for the United States government; it was 

hoped that he would be able to pave the way for Colonel Kearny to 

enter Santa Fe and gain possession of New Mexico without bloodshed.28 

Susan Shelby and Samuel Magoffin had been married November 25, 

1845, and had spent their honeymoon in New York and Philadelphia. 

In the spring they turned westward to Independence, Missouri, where 

they awaited the goods which he had purchased in the East for the 

expedition to Santa Fe. Thus it was that her journal had two divisions, 

the first having to do with experiences in the East, and the second part 

covering the expedition from Independence. 

Mrs. Magoffin kept her journal in a book eight-and-a-half inches 

wide, ten-inches long, and one-and-a-half inches thick. The pages are 

lined and the binding is three-quarters calf. The first forty-nine pages, 

numbered consecutively, are devoted to poetry, mostly of love, some 

of which were copied by her from well-known authors whose names 

are given in each case. Summarizing the value of this diary, Stella M. 

Drumm says: 

. . . there is a peculiar charm in the narrative, and it takes on a dramatic 

cast as one comes to realize the drift of it all. In her simple and gentle way, 

the young lady deftly raises the curtain from before characters and events 

of very great importance in American history. Her journal has a distinct 

value in respect to the amount of detail contained in the descriptions of 

scenes and events, so often lacking in other journals of the same period.29 

And other critics add that “This diary is a significant record of the 

courage and graciousness of a gentle bred lady.”30 

Perhaps the most famous literary work dealing with the trade of 

the Santa Fe trail is Josiah Gregg’s Commerce of the Prairies (1844). 

In his early life Gregg suffered from poor health and. hence, at the 

age of twenty-five left his home in Missouri to join the spring caravan 

28 Stella M. Drumm, editor, Down the Santa Fe Trail and Into Mexico; the Diary 

of Susan Shelby Magoffin, 1846-1847 (New Haven, 1926), 263, shows the letter of 

Secretary of War Marcy, who gave James Magoffin his instructions. 

29 Ibid., xi. 

30 Major, et al., op. cit., 54. 
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then leaving for Santa Fe. For the next nine years, 1832-1841, he 

engaged regularly in the business, himself becoming one of the pro¬ 

prietors of the trade. By this means he became thoroughly familiar 

with the country and people of northern Mexico, and being of a scien¬ 

tific turn of mind31 he displayed great interest in whatever he came in 

contact with and made careful notes of all his observations and im¬ 

pressions. At the request of his friends these were published in a work 

of two volumes32 that was issued simultaneously in both New York 

and London. 

Commerce of the Prairies was immediately received with great 

enthusiasm and two more editions were issued during the following 

year, to be followed later by a fourth and fifth edition, and in 1857 

by a sixth, under a somewhat different title.33 Not only did the work 

enjoy popularity among American and English readers, but it was also 

translated into German, with three editions being published in that 

language between 1845 and 1847. 

As an individual trader, Gregg would call for no more comment 

than any other who crossed the plains eight times in a single decade. 

“But,” as Frederic L. Paxson points out, “Gregg was no mere frontier 

merchant. He was watching and thinking during his entire career, 

examining into the details of Mexican life and history and tabulating 

the figures of the traffic.”34 His work concerns such matters as the 

history and government of Santa Fe, animals and plants, and Indian 

tribes. The effect is that of a systematic monograph devoted to the new 

Southwest. Commerce of the Prairies, says one group of critics, “ranks 

with the Lewis and Clark narrative as a literary monument of the 

westward movement.”35 

“The best book growing out of the exciting winter of 1846-1847 is 

Lewis H. Garrard’s Wah-to-yah, and the Taos Trail.”36 The author, a 

native of Cincinnati and the stepson of Supreme Court Justice John 

31 Stanley Kunitz and Howard Haycraft, editors, American Authors, 1600-1900 

(New York, 1938), 319, point out that Gregg was called “doctor” because of a 

smattering of medicine he had learned. However, they add, he never practiced or 

claimed the title. 

32 John Thomas Lee, “The Authorship of Gregg’s Commerce of the Prairiesin 

Mississippi Valley Historical Review, XVI (December, 1929), 451-66, takes up the 

recurrent claims that John Bigelow and not Josiah Gregg wrote this work. He con¬ 

cludes that the authorship is that of Gregg. 

33 Owen D. Coy, “The Last Expedition of Josiah Gregg,” in Southwestern His¬ 

torical Quarterly, XX (July, 1916), 42. 

34 Frederic Logan Paxson, The Last American Frontier (New York, 1924), 61. 

35 Spiller, et al., op. cit., 766. 

36 Spiller, et al., op. cit., 767. 
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McLean, was only seventeen years old when wanderlust struck him, 

but despite his youth and the war he persuaded his parents to let him 

make a trip out to the Rocky Mountains. He accompanied a Bent and 

St. Vrain caravan to Bent’s Fort on the Arkansas in present south¬ 

eastern Colorado and spent the winter with trappers and Indians. 

Wah-to-yah (the title is taken from an Indian name for the Spanish 

Peaks near Fort Bent) appeared in 1850, when the author was twenty- 

one years old. 

Among other things Garrard’s book gives an account of the Taos 

massacre and the subsequent Mexican prisoner trials at which the 

author was present.37 “His account of the hanging of the eighty and 

more rebels at Taos is realistic tragedy.”38 Wah-to-y ah also had other 

interesting features. Garrard had a rare natural ability to record the 

rich metaphors of the trapper language, compounded as it was of Ken¬ 

tucky, Spanish, and Indian elements. He devotes a long passage to 

John Hatcher’s dream of a visit to hell, making it a rich item in the 

lore of the mountain men. Then, Garrard dwells on the happy hours 

he passed in a Cheyenne camp, remembering “the bright faces of the 

girls, the dancing eye of ‘Morning Mist,’ the low chuckle of the young 

men as they gained a triumph in the favorite game of ‘guess’.” Finally, 

he writes of other pretty girls in Taos, smoking shuck cigarettes, “their 

magically brilliant eyes the meanwhile searching one’s very soul.” 

All in all, Garrard produced a “valuable, well-written source of infor¬ 

mation.”39 

In addition to the military men and traders, a third group—the 

colorful adventurers—wrote of their exploits in the Southern Plains 

and adjacent territory. Among these names that are legion stand out 

those of Jacob Fowler, Rufus B. Sage, and George F. Ruxton. Not that 

their adventures overshadowed those of lesser-known men do these 

three loom large. Their fame has been perpetuated largely by their 

writings which have a distinctive flavor. 

One of the earliest adventurers, Jacob Fowler put in his appearance 

on the Southern Plains in 1821, when he accompanied Hugh Glenn, 

a trader of the Verdigris. The Glenn-Fowler party made its way up 

37 Ralph P. Bieber, editor, W ah-to-y ah, and the Taos Trail (Glendale, 1938), 

25-34, points out that Charles Bent, whom Kearny had appointed governor of New 

Mexico, had been killed and scalped during a revolt in Taos on January 19. Garrard 

arrived there early in April, 1847, when some of the participants in the revolution 

were being tried for murder and treason. His narrative is the most detailed and vivid 

that has ever been written of these tragic events. 

38 Major, et al., op. cit., 53. 

39 John D. Hart, Oxford Companion to American Literature (New York, 1939), 

269. 
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the Arkansas into the mountains, meeting with many Indians but 

managing to keep on good terms with all of them. Here Fowler re¬ 

mained to trap, while Glenn went on to Santa Fe to sell his goods. 

Fowler crossed over into the Mexican settlements and continued his 

trapping operations. The reunited party returned in the summer of 

1822, traveling much of the time south of the Arkansas and crossing 

the high plains and the Cimarron desert. 

Fowler recorded40 his experiences in a journal41 that “represents a 

combination of peculiar capitalization, unique spelling, and superb 

narrative and descriptive ability.”42 In fact, “Major Fowler, a surveyor 

described as an educated man by his granddaughter, who wrote the in¬ 

troduction to his Journal . . . ’ encountered so many difficulties in his 

travels that he ended by misspelling ‘difficulties’ twelve ways.”43 

A second adventurer to make a significant literary contribution 

dealing in part with the Southern Plains, Rufus B. Sage came west in 

1841. He arrived in Westport in May, too late to accompany a party 

to Oregon, his intended destination, and finally left September 2 with 

one of the fur-trade parties. Sage returned to Independence on July 2, 

1842. and started out again in early August for Fort Lancaster and 

thence to Arkansas. Stopping by the Pueblo and Taos, he made an 

excursion to Uinta River. Then, he continued to Fort Hall, arriving 

there November 9. In December, Sage returned by North Park and 

Middle Park on the Platte River and wintered on the Platte below 

Cherry Creek. He joined Warfield between the Cimarron and the 

Arkansas, becoming associated with the Snively expedition of which 

he gives a long account. Sage then returned to the Platte and met 

Fremont at Fort Lancaster in July, 1843. On March 17, 1844, he 

started from Fort Lancaster for the United States, traveling by way 

of Bent’s Fort, thence down to Van Buren, Arkansas, which he reached 

July 4. 

In his narrative44 Sage states the purpose of his trip: 

Love of adventure . . . was the great prompter, while an enfeebled state of 

health sensibly admonished me to seek in other parts that invigorating air 

and climate denied me by the diseased atmosphere of a populous country. 

I also wished to acquaint myself with the geography of those comparatively 

40 W. Julian Fessler, “Jacob Fowler’s Journal,” in Chronicles of Oklahoma, VIII 

(June, 1930), 181, says: “Mr. Durrett was the owner of the original journal which 

is not signed, but is considered by Fowler’s descendants to have been written by him.” 

41 Elliott Coues, editor, The Journal of Jacob Fowler . . . (New York, 1898). 

42 Richardson and Rister, op. cit., 130. 

43 Fergusson, op. cit., 237. 

44 Rufus B. Sage, Rocky Mountain Life; . . . (Boston, 1857). 
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unexplored regions—their geological character, curiosities, resources, and 

natural advantages, together with their real condition, present inhabitants, 

inducements to emigrants, and most favorable localities for settlements, to 

enable me to speak from personal knowledge upon subjects so interesting 

... as are the above.45 

These “subjects so interesting,” Sage treated admirably in his narra¬ 

tive. He talks about Pottowatomies, the dangers connected with the 

liquor trade, horses being devoured by wolves, countryside, Unitah 

trade, minerals, history of Fort Hall, and countless other subjects. 

“Englishmen came along the [Santa Fe] Trail seeking adventure if 

that was their bent, refuge if they were scapegraces whose remittance 

depended upon their not going home, or investment if they were 

rich.”46 In the first class was George Frederick August Ruxton, who 

was a true mountain man, a keen observer, and an upstage British 

officer who never lost his attitude of condescension.47 Ruxton left 

Southampton, England, on July 2, 1845, and found his way to Mexico 

City by September 14, 1846. He met Lieutenant Abert at Valverde and 

proceeded to Santa Fe with him. Arriving there December 22, Ruxton 

spent the winter at the Pueblo on the Arkansas, and in March went 

to Manitou. 

Ruxton died in St. Louis in September, 1848, while planning a 

second trip that would have taken him to Colorado, South Park, and 

Salt Lake.48 Before his death, however, he had given the reading public 

a valuable account of his experiences in the West. He wrote for 

Blackwood's Magazine of 1848 a serial, Life in the Far West. “The 

characters and most of the incidents are real, though some of the names 

of people are changed; the plot is fictionized. There is much use of 

dialect and Western idiom ... [It is] made up of swift action, romance, 

and an almost unbelievable coincidence that happened to be true. It 

contains all the elements of a good Western movie.”49 

Before penning this serial, Ruxton had written a book, Adventures 

in Mexico and the Rocky Mountains (1847). And it, probably much 

more than the magazine serial, is his chief claim to fame.50 

A fourth and final group of persons writing about their early travels 

in the Southern Plains were artists and literary men who came West 

in search of fresh materials. Of these, some three seem to be repre- 

45 Ibid., 29. 

46 Fergusson, op. cit., 282. 

47 Ibid. 

48 Wagner, op. cit., 236. 

49 Major, et ah, op. cit., 55. 

50 LeRoy Hafen, et. ah, editors, Ruxton of the Rockies (Norman, 1950), xi-xii. 
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sentative of this type of traveler. They are: Albert Pike, Washington 

Irving, and George Gatlin. 

In the spring of 1831, Albert Pike, a Bostonian, started west, walking 

much of the way.51 He journeyed as far as the Navajo country, explor¬ 

ing, trading, and living among the Indians. Part of this journey was 

over the Santa Fe trail, which Pike took from Independence with 

Bent’s party of hunters and traders. Pike’s movements after reaching 

Santa Fe are not fully recorded,52 but it seems that in August he heard 

that a party was being outfitted at Taos for a hunting expedition to the 

Comanche country at the heads of the Bed River and the Fausse 

Washita. He went from Santa Fe to Taos to join that party. 

On the sixteenth day Pike’s party entered the celebrated Llano Esta- 

cado by way of the Comanche trail. Pike said the illimitable expanse 

of prairie filled him with wonder, and it inspired him to write a strik¬ 

ing poem.53 Other scenes of the prairie impressed the young traveler, 

who finally headed back to civilization some sixty days after the start 

of his trip. 

In 1833, after a second trip in the West, Pike settled in Little Rock, 

gained renown as a poet, editor, and lawyer, and built a colonial man¬ 

sion. During his illustrious career, he served as a brigadier general in 

the Confederate Army. His experiences in the West, Pike set down in 

Prose Sketches and Poems (1834). These sketches include “Journey in 

the Prairie,” “Narrative of the Second Journey in the Prairie,” and 

“The Inroad of the Navajo.” Of Pike’s work, two critics wrote: “Pike 

has a place in American literature as an early poet of the Southwest. 

Usually vigorous in expression and occasionally showing real imagi¬ 

nation and power of observation, especially when writing of the life 

about him, he nevertheless lacked opportunity for development.”54 

“The most distinguished writer”55 who traveled in the early South¬ 

ern Plains was Washington Irving. In fact, when he came west in 

1832, Irving was not only the best known American author but the 

first who really became noted as a writer of books.56 For seventeen 

years prior to this time, Irving had lived abroad, writing and serving 

as a businessman and diplomat. Because of his prolonged absence 

51 Fred W. Alsopp, Albert Pike (Little Rock, 1928), 17, says: “Many exaggerated 

tales have been told about the journeys of ‘pemLss and friendless’ Pike, but, accord¬ 

ing to his own account, they actually walked some 500 miles of the distance . . .” 

52 Ibid., 20. 

53 Ibid., 27. 

54 Kunitz and Haycraft, op. cit., 621. 

55 Major, et al., op. cit., 50. 

56 Joseph B. Thoburn, “Irving’s Tour of the Prairie,” in Chronicles of Oklahoma, 

X (September, 1932), 426. 
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from native climes there had developed what amounted to a public 

clamoring for him to return home and write about American scenes. 

And this was one of the real reasons why he accompanied Judge Henry 

L. Ellsworth,57 the Indian Commissioner, on the latter’s tour of the 

West. With the two were a pair of Irving’s foreign companions— 

Charles J. Latrobe,58 an Englishman, and Count Albert de Pourtales, 

a Swiss. They went up the Missouri to the Osage Agency and then for 

a few weeks to the Pawnee hunting grounds, returning to Fort Gibson. 

From there on November 8, 1832, Irving took steamboat passage down¬ 

stream to New Orleans and thence back to New York. 

The direct literary result of Irving’s western travel was A Tour of 

the Prairies, published in 1835 as the first volume of the Crayon Mis¬ 

cellany.59 A Tour on the Prairies had been awaited with eagerness 

from the moment Irving had started west, and it was greeted with 

praise when it appeared.60 However, McDermott points out, the work 

is not without fault. “The chief fault one finds with the Tour on the 

Prairies is the filigree, the writer’s giving wings to imagination.”61 Or, 

as other critics put it, the work “is not lacking in interest, but reveals 

the author as essentially an urban and cultivated spirit to whom the 

Arkansas forest suggests the interior of a Gothic cathedral and who 

observes eccentric personalities, red and white, rather than as one who 

attempts an interpretation of the new country.”62 These criticisms 

notwithstanding, Irving enables the reader to see the scrubby oaks of 

the Cross Timbers and the vicissitudes of travel in a semi-arid land. 

Both an artist and writer, George Catlin was a third in this group of 

literary men who traveled in the West in search of materials. In 1832 

this self-taught painter began what developed into an eight-year expe¬ 

dition to various Indian tribes from the Yellowstone River to Florida. 

He lived with the Indians, observed their ways, and drew pictures of 

what he saw. Out of these experiences grew Gatlin’s two major volumes 

of publications,63 which consisted of 300 engravings with descriptive 

57 Vide Stanley T. Williams and Barbara D. Simison, editors, Washington Irving 

on the Prairie (New York, 1937), for Ellsworth’s journal of this tour. 

58 Latrobe also wrote of this tour in his book, The Rambler in North America 

(London, 1835). 

59 John Francis McDermott, editor, The Western Journals of Washington Irving 

(Norman, 1944), 40. 

60 Ibid., 41. 

61 Ibid., 44. 

62 Milton Ellis, et al., editors, A College Book of American Literature (New York, 

1939, 2 vols.), I, 523. 

63 George Catlin, Letters and Notes on the Manners, Customs, and Condition of 

the North American Indians (London, 1841, 2 vols.). 
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text. The first volume deals, among other things, with the Mandan, 

Minatree, and Little Mandan villages. In the second volume, Gatlin 

records this impression of the country 200 miles west of Fort Gibson: 

“A great part of the way, the country is prairie, gracefully undulating 

—well watered, and continually beautified by copses and patches of 

timber. On our way my attention was rivetted to the tops of some of 

the prairie bluffs, whose summits I approached with inexpressible 

delight.”64 

Of Gatlin, James D. Hart says: tcHis artistic work, though uneven in 

quality and primitive in style, possesses the charm, sincerity, and docu¬ 

mentary value of authentic records of American Indian life.”65 Other 

critics have held that Gatlin’s writing is not important. But, they add, 

“His portraits and records of the Indians in the mid-nineteenth century 

are unique and are among our most valuable historical treasures.”66 

As the vanguard of the Anglo-American settlers of the Southern 

Plains, then, these early travelers—soldiers, traders, adventurers, 

artists, and literary men—set the stage for the unfolding of the larger 

drama of permanent settlement that followed. By official order and 

individual initiative they journeyed through an extensive part of 

Western America, observing—sometimes inaccurately, as did those 

who saw little more than a desert; sometimes subjectively to a fault, 

as did Irving whose perspective suffered from prolonged association 

with European scenes; more often, however, accurately and vividly in 

response to the stimulas of new surroundings, as did most of the 

travelers—observing, each in his particular way, and writing effec¬ 

tively of what they saw. Their books, journals, pictures, and reports— 

collectively—constitute the woof-threads, which interlaced with the 

warp-cords of previous knowledge and that acquired afterwards, pro¬ 

duce an informative literary mosaic of life in a vital area of the United 

States and of a colorful era in the nation’s history. 

64 ibid., II, 45. 

65 Hart, op. cit., 121. 

66 Kunitz and Haycraft, op. cit., 139-40. 



Oil Formation in Soybean (Glyceine hispida) 

and Effect of Storage on Soyabean Seeds 

by SULTAN AHMAD TREMAZI, 

Punjab Agricultural College and 

Research Institute, Lyallpur 

Knowledge of the changes of oil content in different parts of a plant, 

especially in the developing seed at its various stages of growth, is an 

essential preliminary to the thorough understanding of the influence 

of different factors which govern the oil formation and its translocation 

in oilseed crops. Work of this nature has been done by a number of 

workers in other countries on some oilseed crops but no such work has 

been done on oilseed crops in Pakistan. 

Soyabean crop is of recent introduction in Pakistan. It is a legumi¬ 

nous plant grown extensively in China, Japan, and Manchuria. The 

soyabean appears to have been in use in China for the last 4,700 years 

yet the first shipment probably reached Hull as recently as 1908, at 

which time the beans were regarded with some suspicion by oil 

crushers. Since 1909, however, enormous quantities have been im¬ 

ported and the bean, the oil, and the cake have firmly established 

places in European markets. 

The only notable contributions on Soyabean oil production have 

been made by Garner, Allard, Foubert (1914) and Stark (1927). 

These authors consider that the maximum production of oil in soya¬ 

bean requires conditions of nutrition favorable to accumulation of 

carbohydrates during the vegetative period. These authors further 

noted that there is a very sharp increase in the percentage of oil during 

the first few weeks after blooming and a slow gain until the end of 

ripening period. At this time a decrease in the size of the seed and in 

the oil content occurs, probably due to an intense respiration at that 

period. An attempt of this kind was made by the author (1940) in 

certain Brassicae species with regards to conditions pertaining to this 

country. The object of the present investigation is to study the forma¬ 

tion of oil in developing seeds with reference to the rate of transloca¬ 

tion of oil to determine the most active period for the occurrence of 

17 
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this phenomenon and later to concentrate on investigations which 

have a direct bearing on the above studies. 

For this purpose freshly opened flowers in sufficiently large number 

were tagged at full bloom period in two varieties of soyabean viz., 

Greenish yellow and Shillong no. 1 and samples of developing ovules 

of known ages were obtained at regular intervals of 10 days through¬ 

out the growing season. It may, however, be pointed out that the first 

sample of the developing ovules was obtained after a period of 20 days 

after tagging the flowers as a sample of 10 days could not be collected 

owing to an extremely small pod size. Besides the estimations of mois¬ 

ture and fat, the total nitrogen content of the developing seeds was de¬ 

termined. Measurements of length and breadth of 25 ovules were 

determined in each case. The results obtained during these investiga¬ 

tions are given in Table I for two years 1946-47 and 1947-48 from 

which the following general conclusions can be drawn. 

(1) The maximum size of the developing ovules as determined by 

the greatest length and breadth was attained when the seeds were 

about 50 days past from the opening of the flowers. Taking the average 

of both the varieties for both the years the length and breadth of 

ovules when 50 days old was 7.58 mm. and 5.50 mm. respectively, 

after this there was a decrease in the size probably due to ripening of 

the seed (Table I). 

Table I 

Moisture, oil, nitrogen, length, breadth, and fresh and dry weights of soyabean 

varieties during 1946-47 and 1947-48 

Name of 
variety 

Number of Length mm. 
days after Average of 25 ovules Average of 25 ovules 
flowering 1946-47 1947-48 Average 1946-47 1947-48 Average 

Greenish 

yellow 20 days 4.8 4.3 4.5 3.3 3.0 3.1 

30 days 7.0 7.0 7.0 4.9 4.8 4.9 

40 days 7.0 7.8 7.4 5.2 5.7 5.4 

50 days 7.7 7.5 7.6 5.4 5.3 5.4 

60 days 6.8 7.5 6.1 4.9 4.5 4.7 

70 days 5.9 4.4 .... 

20 days 4.6 4.3 4.4 3.1 3.2 3.2 

30 days 6.8 6.8 6.8 5.1 5.2 5.2 

40 days 7.3 7.0 7.1 5.6 5.5 5.5 

50 days 7.5 7.4 7.5 5.6 5.5 5.5 

60 days 6.4 5.5 5.9 5.0 4.7 4.9 

70 days 5.2 .... 4.5 

Shillong 

No. 1 
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Name of 
variety 

Number of 
days after 
flowering 1946-47 

Fresh wt. of 
1000 ovules 

1947-48 Average 1946-47 

Dry wt. of 
1000 ovules 

1947-48 Average 

Greenish 

yellow 20 days 8.8 9.3 9.1 1.75 1.8 1.8 

30 days 49.6 50.7 50.1 11.3 10.3 10.8 

40 days 80.7 106.7 93.7 25.1 40.5 32.8 

50 days 90.0 81.4 85.7 38.6 45.2 41.9 

60 days 57.5 50.0 53.7 41.0 45.6 43.3 

70 days 53.2 42.3 .... 

Shillong 

No. 1 20 days 12.7 10.6 11.6 2.2 1.0 2.0 

30 days 51.0 60.5 55.8 12.2 17.0 14.6 

40 days 80.7 97.3 89.0 29.7 46.0 37.8 

50 days 88.0 80.6 84.3 47.0 41.8 44.4 

60 days 59.2 46.8 53.4 39.4 41.1 40.3 

70 days 51.8 42.7 

Name of 
variety 

Number of 
days after 
flowering 

Moisture percentage 
1946-47 1947-48 Average 

Oil, percentage 
on dry basis 

1946-47 1947-48 Average 

Greenish 

yellow 20 days 82.4 78.2 80.3 4.3 4.2 4.2 

30 days 77.1 73.3 75.2 10.8 10.9 10.8 

40 days 61.9 61.6 61.1 13.1 14.5 13.8 

50 days 56.9 46.6 51.8 14.8 14.7 14.7 

60 days 28.7 12.9 20.8 14.0 14.2 14.1 

70 days 18.2 .... 13.8 

Shillong 

No. 1 20 days 82.3 82.9 82.6 4.3 4.3 4.3 

30 days 79.2 72.1 75.6 9.3 9.9 9.6 

40 days 62.6 52.7 57.6 13.1 14.2 13.6 

50 days 46.5 46.3 46.4 13.7 14.7 14.2 

60 days 33.4 10.1 21.8 14.3 14.1 14.2 

70 days 16.6 16.6 

Name of 
variety 

Number of 
days after 
flowering 

Total nitrogen, 
percentage 

1946-47 1947-48 Average 

Greenish 

yellow 20 days 6.9 5.9 6.4 

30 days 5.5 5.6 5.6 

40 days 5.5 5.7 5.6 

50 days 5.4 5.7 5.5 

60 days 5.6 5.8 5.7 

70 days 6.0 

Shillong 

No. 1 20 days 6.5 6.1 6.3 

30 days 5.3 5.8 5.5 

40 days 5.1 5.8 5.4 

50 days 6.2 5.4 5.8 

60 days 5.6 5.8 5.7 

70 days 5.8 
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(2) The fresh weight of developing ovules continued to increase at 

a rapid rate until about 50 days when it was maximum after which 

there was a decrease. Taking the average figure for both the varieties 

the fresh weight of 1000 seeds at the time of first sampling was 10.40 

gms. it increased to about 8 times i.e., 85.01 gms. at the age of 50 days 

and then decreased to 53.37 gms. in the last sampling. The dry weight 

more or less continued to increase as the seeds developed. At 70 days of 

age it was about 23 times as compared with that recorded in the first 

sampling (Table I). 

(3) The moisture percentage decreased as the seeds advanced in age. 

For example taking the average figure for both the varieties for both 

the years the moisture percentage in 20 day old ovules was 81.4 

while it decreased to 21.27 at 60 days (Table I). 

(4) The percentage of oil increased as the seeds developed. The 

most rapid formation of oil, based on the percentage of ether extract on 

dry basis, began when the seed was about 20 days old and continued 

for another 20 days. At the age of 40 days the maximum percentage 

was nearly reached, there being only a slight increase after that age 

till maturity. For example, taking the average figure for both the va¬ 

rieties the oil percentage in 40 day old ovules had increased to 13.77 

from 4.31 found in 20 day old seeds. It is, therefore, clear that a major 

portion of the fat is deposited in what is termed as “critical stage” of 

oil formation viz., 20-40 days of the development of seed after flower¬ 

ing. The results are therefore in close agreement with those reported 

by Garner. Allard, and Foubert (1914) who stated that there is a very 

sharp increase in the percentage of oil in soyabean during the first 

few weeks after blooming and a slow gain until near the end of 

ripening period. 

(5) The percentage of total nitrogen was highest just when the 

seeds were the youngest. There was a slight decrease as the seed ad¬ 

vanced in age. The percentage of total nitrogen in both the varieties 

in the seeds varied between 5.48 and 6.42 during the entire growing 

period of the crop (Table I). 

B. Carbohydrate metabolism in soyabean 

The formation of oil in the seeds of oleaginous crops bears an im¬ 

portant relationship to the amount of carbohydrate present in various 

parts of the plant material. These carbohydrates are later on translo¬ 

cated to the seed to be converted into oils under the influence of en¬ 

zymes. De Luca (1861-62) first of all observed in olives that as the 

oil in the developed seed increased, the sugars decreased. Later on 
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Leclerc du Sablon (1896) in studying the development of the kernels 

of the walnut and almond observed the same fact. Rushkovskii (1930). 

found that the soluble carbohydrates decreased from 37.5 to 4.5 per 

cent during the ripening of sunflower seeds. Sahasrabudhe and Kale 

(1933) on niger seed showed that oil is formed in the seed from carbo¬ 

hydrates. Muhammad and Ahmad (1943) working on oleiferous 

Brassicase confirmed the findings of the above workers. These obser¬ 

vations consequently stress the importance of studying the metabolic 

changes occurring in various parts of the plant in relation to the forma¬ 

tion of fats. In the present investigation which has a direct bearing 

with the work on oil formation, an effort has been made to find out the 

drift of various carbohydrates in the seed as well as in the different 

parts of soyabean crop during different stages of growth and thus link 

up the various growth responses brought about during the period of 

oil formation. Further complete analyses of seed material at different 

stages of its development is sure to lead to a better understanding of 

the accumulation of various nutritive substances and the role they 

play in fat synthesis. It may be recalled that the work on niger seed 

(Sahasrabudhe and Kale, 1933) was centered on the seed and the part 

played by the other parts of the plant material was not studied to an 

equal extent. It is probable that the stem, branches, and leaves also 

play an important part in the drift of carbohydrates. 

The procedure of obtaining samples of the developing ovules was 

exactly the same as already described in studies on oil formation. For 

obtaining samples of the various plant parts, five plants of each variety 

were apportioned into various parts viz., stem, branches, and leaves on 

each day of sampling. Samples were obtained three times during the 

entire growing season viz., (i) at young stage (ii) at full grown stage 

(iii) at maturity. For estimations of reducing and non-reducing sugars 

and acid hydrolyzable carbohydrates, the method described by Shaffer 

Hartmann and modified by Ranji Narian (1932) was adopted. The 

results obtained during the year 1948-49 for these investigations are 

given in Tables II and III. 

From the results given in tables II and III the following general 

conclusions can be drawn: 

1. The total carbohydrate content of the developing ovules in both 

the varieties was maximum at the age of 20 days of the ovules after 

which due to the increase in oil formation there was a corresponding 

decrease in carbohydrates, their percentage fell down considerably at 

the age of 40 days after which the decrease was very small. For exam¬ 

ple the total carbohydrate content in the average of both the varieties, 

was 40.48% on dry basis at the age of 20 days and it decreased to 
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Table II 

Showing the carbohydrate content in the developing ovules of soyabean during mid- 

bloom periods of their growths in 1948-49 

Variety 

Number of 
days after 
flowering 

Percentage on 
Alcohol soluble sugars 

Non- 
Reducing reducing 

sugars sugars 

dry basis 

Acid 
hydrolysable 
Carbohydrates 

Total 
carbo¬ 

hydrates 

Moisture 
per¬ 

centage 

Greenish yellow 20 24.4 6.0 14.1 40.5 82.6 

Shillong No. 1 21.8 4.5 14.1 40.4 83.3 

Average 21.1 5.2 14.1 40.4 82.9 

Greenish yellow 30 8.8 4.7 13.8 27.6 72.0 

Shillong No. 1 8.3 5.1 11.1 24.6 69.6 

Average 8.6 4.9 12.4 26.0 70.8 

Greenish yellow 40 6.8 3.3 10.8 21.0 68.4 

Shillong No. 1 6.8 3.6 10.6 21.0 68.2 

Average 6.8 3.5 10.7 21.0 68.3 

Greenish yellow 50 3.4 4.5 10.4 18.5 64.6 

Shillong No. 1 5.4 3.1 9.7 18.3 65.2 

Average 4.4 3.8 10.1 18.4 64.9 

Greenish yellow 60 4.0 2.8 9.5 16.4 46.0 

Shillong No. 1 4.1 2.9 10.1 17.2 46.4 

Average 4.0 2.9 9.8 16.8 46.2 

Greenish yellow 70 3.6 2.8 10.8 17.4 15.8 

Shillong No. 1 3.6 2.8 10.4 16.9 15.0 

Average 3.6 2.8 10.6 17.1 15.4 

21.07% at the age of 40 days after which the decrease was only very 

slight. There is thus a high negative correlation between the carbo¬ 

hydrates and oil content of the developing ovules (Table II). 

2. Of the total carbohydrates that decreased, reducing sugars de¬ 

creased first the acid hydrolysable carbohydrates and the nonreducing 

sugars underwent the least change. For example taking the average of 

both the varieties, the reducing sugars decreased to 6=88 in 40 day old 

ovules as compared to 21.10 in 20 day old ones, the acid hydrolysable 

carbohydrates and non-reducing sugars decreased to 10.71 and 3.50 in 

40 day old ovules as compared to 14.11 and 5.27 in 20 day old ovules 

respectively (Table II). 

3. In the various plants the acid hydrolysable carbohydrates were 

found to be in a greater amount as compared with the reducing and 

non-reducing sugars at all stages of growth in both the varieties. In all 

the plant parts, the decrease in the total carbohydrates was slight in 

the advanced stages of growth as compared with the young stage 

(Table III). 
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C. Storage of Soyabean Seeds 

The influence of the character of the seed upon the quality of oil in 

any oilseed crop renders imperative the greatest care in their selection 

and storage. Seeds which have undergone even a slight deterioration 

in storage will not produce prime crude oil even though the original 

material stored may be quite sound. Storage of soyabeans resembles 

that of most of the grains and presents no great technical difficulty. 

The usual storage facilities consist of a number of reinforced concrete 

silos and interstices which are served by horizontal belt conveyors 

overhead in the gallery and in the basement below the boots. Cleaning, 

Table III 

Showing the total carbohydrate content in various parts of soyabean at different periods of their 
growth in 1948—49 

Variety 
Stage of 
sampling 

Percentage on dry basis 
Acid 

Alcohol soluble sugars hydrolys- 
non- able 

Plant reducing reducing earbo- 
part sugars sugars hydrates 

Total 
carbo¬ 

hydrates 

Percent 
of 

moisture 

Greenish yellow Young Stem 1.7 1.1 2.3 5.2 73.8 
Branches 2.5 1.7 2.5 6.8 80.2 
Leaves 1.3 1.1 1.8 5.4 72.2 

Shillong No. 1 Young Stem 1.9 1.1 2.1 5.2 74.0 
Branches 2.5 1.5 2.4 6.5 80.0 
Leaves 1.6 1.7 1.7 5.0 76.4 

Average Young Stem 1.8 1.1 2.2 5.2 73.9 
Branches 2.5 1.6 2.4 6.6 80.1 
Leaves 1.4 1.4 1.7 5.2 74.3 

Greenish yellow Fully grown Stem 1.6 0.8 2.5 5.0 70.0 
Branches 1.9 1.2 2.4 5.5 70.2 
Leaves 1.6 1.4 1.8 4.8 69.0 

Shillong No. 1 Fully grown Stem 1.6 1.3 2.0 4.9 68.6 
Branches 1.9 1.3 2.3 5.7 69.4 
Leaves 1.5 1.2 1.7 4.5 68.6 

Average Fully grown Stem 1.6 1.0 2.2 4.9 69.3 
Branches 1.9 1.2 2.3 5.6 69.8 
Leaves 1.6 1.3 1.7 4.7 68.6 

Greenish yellow Mature Stem 1.4 0.8 2.6 4.8 64.2 
Branches 1.5 1.1 2.3 5.0 63.2 
Leaves 1.8 1.4 1.8 5.0 70.6 

Shillong No. 1 Mature Stem 1.4 0.8 2.5 4.8 65.0 
Branches 1.5 1.2 2.1 4.9 66.4 
Leaves 1.6 1.1 1.7 4.4 69.0 

leverage Mature Stem 1.4 0.8 2.5 4.8 64.6 
Branches 1.5 1.2 2.2 5.0 64.8 
Leaves 1.7 1.3 1.7 4.7 69.8 
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elevating, and drying equipment is located in the head house at one of 

the line of bins. The tanks often have thermocouples situated at vari¬ 

ous depths by which the temperature of the beans, at any point, may 

be determined from a central switch board. 

Little has been published concerning the changes which occur in 

soyabeans during storage and the effect which such changes have 

upon the subsequent processing operations. In view of the fact that 

there is a great nutritional, technological and economic importance of 

soyabeans, some experiments were conducted on the changes that take 

place in soyabean seeds and in oils expressed from stored samples. The 

samples were obtained from Ludhiana Farm, where they have been 

stored in gunny bags. Moisture, oil, total and soluble nitrogen were 

determined in all the varieties of soyabean in the year 1947. The meth¬ 

ods of analysis were those outlined in A.O.A.C. (1945). The results 

obtained are given below in table IV. 

It may be pointed out that the samples for which the results are 

reported above in the table are not the same samples stored for vary¬ 

ing periods. These samples belonging to each variety have been in 

storage since the time of harvesting which is shown for each. For ex¬ 

ample, the first sample referring to Otatootan 1941-42 is the produce 

of the year 1941-42 and has been in store since that period but has 

been analysed in the year 1945-46 and so on. The following general 

conclusions may be drawn from these results. 

1. There is a slight decrease in the percentage of oil in the old sam¬ 

ples as compared with the fresh samples in all the varieties (Table 

IV). 
2. There is not any appreciable change in the total nitrogen content 

in the stored as well as fresh samples in all these varieties of soyabeans. 

There are, however, slight year to year variations in the total nitrogen 

content probably due to the different harvesting years. There is a defi¬ 

nite falling off of the soluble nitrogen content as the samples age. After 

shaking soyabean flour with 10% NaCl solution for 2—3 hours, it was 

centrifuged and the clear solution was taken for the estimation of 

soluble nitrogen by Kejldalhs method (Table IV). 

3. Comparing the varieties between themselves it will be seen that 

Otatootan and Miss. 22 contain a slightly higher percentage of oil and 

that Miss. 94 contains a slightly higher percentage of total nitrogen as 

compared with other varieties (Table IV). 

In order to study the changes in the various constants in oils ob¬ 

tained from the stored samples, such small samples of oils from each 

variety were expressed by means of hydraulic press and the various 

constants were determined (Table V). 
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Table IV 

Showing the results of chemical analysis of stored samples of soyabean 

Variety 
Year of 
storage 

Oil, 
percentage on 

dry basis 

Total 
nitrogen, 
percentage 

Soluble 
nitrogen, 

percentage 
Moisture, 
percentage 

Otatootan 1941-42 16.6 5.5 8.3 
1942-43 17.4 5.3 8.0 
1943-44 16.6 5.5 2.6 7.6 
1944-45 19.0 5.5 2.6 8.0 
1945-46 20.7 5.5 2.8 8.4 

Miss. 22 1941-42 17.8 5.7 1.5 7.6 
1942-43 18.7 5.6 1.6 8.6 
1943-44 18.2 5.2 1.7 7.8 
1944-45 18.7 4.6 2.0 8.4 
1945-46 19.7 4.8 3.4 7.8 

Afghanistan 1942-43 13.9 5.5 1.6 5.4 
1943-44 14.5 5.5 1.9 8.0 
1944-45 15.4 5.5 1.8 7.8 
1945-46 14.9 5.2 1.9 7.6 

Greenish yellow 1943-44 14.8 5.8 1.9 6.0 
1944-45 18.0 5.3 1.9 5.6 
1945-46 17.6 5.7 1.9 6.2 

Behrum 14 1942-43 17.6 5.9 1.9 7.0 
1943-44 17.9 5.9 2.1 6.4 
1944-45 17.8 6.2 2.9 5.8 
1945-46 18.0 5.4 2.5 6.0 

Miss. 94 1942-43 17.4 6.4 1.5 7.5 
1943-44 18.0 6.2 1.4 8.1 
1944-45 18.2 6.2 1.4 9.2 
1945-46 18.4 6.1 1.5 0°

 
on

 

1946-47 18.1 6.4 1.5 8.9 

Chocolate 1942-43 14.4 5.9 1.5 6.3 
1943-44 14.8 5.5 1.9 6.4 
1944-45 15.4 5.3 2.1 6.8 
1945-46 15.1 5.7 2.2 6.5 
1946-47 16.1 5.8 2.2 7.0 

Mirganhat Yellow 1942-43 17.1 5.7 1.5 6.1 
1943-44 17.3 5.8 1.5 8.3 
1944-45 17.5 5.8 1.6 7.8 
1945-46 17.9 5.9 1.6 8.1 
1946-47 18.0 5.9 1.6 8.5 
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Table V 

Chemical values in oils expressed from stored samples of soyabean 

Variety 
Year of 
storage 

Acid 
value 

Saponification 
value 

Iodine 
value 

Mirganhaut Yellow 1942-43 4.6 192.6 142.7 
1943-44 2.4 191.3 142.8 
1944-45 1.9 191.8 145.0 
1945-46 1.1 192.0 141.2 
1946-47 1.3 193.3 140.0 

Miss. 22 1942-43 1.5 192.5 137.8 
1943-44 1.6 193.6 137.0 
1944-45 0.9 193.6 141.5 
1945-46 0.7 193.3 138.5 
1946-47 0.4 198.6 138.9 

Miss. 94 1942-43 4.4 195.5 143.8 
1943-44 1.4 191.9 145.4 
1944-45 1.1 194.8 140.0 
1945-46 1.3 191.6 142.7 
1946-47 1.1 194.2 142.0 

Chocolate 1942-43 8.1 193.1 141.8 
1943-44 3.6 190.7 139.0 
1944-45 4.0 193.0 142.3 
1945-46 12.1 193.4 142.3 
1946-47 4.1 194.5 138.3 

The results show that the oils expressed from samples which had 

been in store for more than three years showed a high acid value as 

compared with fresh samples. There was however no change in the 

saponification and Iodine values. 

SUMMARY 

Soyabean is of recent introduction in Pakistan and some investiga¬ 

tions such as oil formation, the relation of carbohydrates to oil forma¬ 

tion and storage of seeds, etc., have been made for the first time with 

samples grown in Pakistan. 

1. It has been shown that the maximum size and the fresh weight 

of the seeds during development is attained when the seeds are about 

50 days old. The moisture percentage decreased as the seeds advanced 

in age. The most rapid formation of oil in the developing seeds in this 

crop takes place between 20-40 days of the development of seed after 

fertilization. The percentage of the total nitrogen in the seed is highest 

when the seeds are the youngest. 



OIL FORMATION IN SOYABEAN 27 

2. The total carbohydrates are at a maximum at the age of 20 days 

and decrease considerably at 40 days. There is a high negative cor¬ 

relation between the carbohydrates and oil content. Of the total carbo¬ 

hydrates that decrease, the reducing sugars decrease first of all. The 

decrease in non-reducing sugars and starch is rather slow. 

3. The oil content was found to be low in the stored samples of 

seed as compared with the fresh samples. There was not any appreci¬ 

able difference in the total nitrogen content in the fresh and stored 

samples of seeds, the soluble nitrogen content however decreased with 

the advancement in age of storage. 

4. The acid value was found to be high in samples of oils expressed 

from stored seeds as compared with that expressed from fresh seeds. 

There was no change in Iodine and saponication values in such oils. 
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Several Reactions of 2,6-Dimethyl-4-Thiopyrone 

(2,6-Dim ethyl-4 H Pyran-4-Thione) 

by L. L. WOODS 

Texas Southern University 

Although, 2,6-dimethyl-4-thiopyrone has been known for some 

time,1 the reported reactions of the compound are almost entirely de¬ 

voted to salt formation2’3 and the formation of the lutidone.4 

It is the objective of this study to relate, by duplication, as many as 

possible of the recently published reactions of 2,6-dimethyl-4-py- 

rone5’6 to the chemistry of 2,6-dimethyl-4-thiopyrone. 

The previous studies mentioned were, chiefly, concerned with mono- 

aralkylation of the methyl groups of 2,6-dimethyl-4-pyrone and the 

acylation of the pyrone under the catalytic influence of zinc chloride at 

the temperature of boiling xylene and the conversion of the acyl 

derivatives to the corresponding lutidones. 

All the above reactions were found to take place with 2,6-dimethyl- 

4-thiopyrone as illustrated in the experimental portion of the paper. 

The acylated derivative was probably a polymeric substance and the 

previously4 reported 2,6-dimethyl-4-thiopyridone has a lower melting 

point than that described in the literature for 4-mercapto-2,6-dimethyT 

pyridine. A critical study of the published method of preparation leads 

this investigator to believe that the melting point reported is for the 

disulfide and not the mercapto compound. 
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EXPERIMENTAL* 

2,6-Dimethyl-4-Thiopyrone [IJ. The compound was prepared es¬ 

sentially as described by King and co-workers.7 

Sublimation of the crystals from the benzene solution melted at 145- 

* All analyses were performed by Dr. Carl Tiedcke, Teaneck, New Jersey. Melt¬ 
ing points were determined on a Fisher-Johns melting point assembly. 
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II 

147°. The material from the residue, recrystallized from ethanol and 

sublimed to the same golden yellow compound as that from benzene 

solution melted at 144.5-146.5°. A mixture showed no depression in 

melting point. 

Anal. Calcd. for C7H8SO: C, 57.61; H, 5.75; S, 22.87. 

Found: C, 57.93; H, 5.49; S, 22.62. 

Infrared and Ultraviolet Data—The infrared spectrum was run on 

a Perkin-Elmer model 21 Infrared Spectrophotometer in chloroform. 

Strong or very strong (V) absorption bands were given at —2998, 

1647 (V), shoulder 1665, 1575,1450,1390,1285 (V), 1095 (V), 1015, 

938 and 873cm-1. The ultraviolet spectrum was made on a Beckman 

Ultraviolet Spectrophotometer model DK-2 in methanol and the A max 

was found to be 253 mu. 

2,6-Dimethyl-4-Thiopyridone [11]—A mixture consisting of 2 g. 

of I, 30 ml. ethanol and 10 ml. concentrated ammonium hydroxide 

was stoppered in an Erlenmeyer flask and allowed to stand two days. 

The resulting mixture was warmed and filtered. The filtrate was 

evaporated to dryness on a steam bath to give 1.8 g. of rust-brown solid. 

The above compound was extracted with boiling alcohol and filtered 

into twice the volume of benzene and again filtered. 
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The clear amber solution was evaporated to dryness on a water 

bath, the resulting prisms, which when recrystallized three times 

from absolute ethanol, melted at 207-208.5°. This melting point is not 

in agreement with the 224° of the literature4 and no attempt is made 

here to reconcile the two values. 

Anal. Calcd. for C7H9NS: C, 60.39; H, 6.51; N, 10.06; S, 23.03. 

Found: C, 60.19; H, 6.45; N, 10.19; S, 22.89. 

2,6-Dimethyl Benzoyl-4-Thiopyrone.—Twelve and four tenths 

grams of 2,6-dimethyl-4-pyrone, 14 g. benzoyl chloride, and 0.2 g. ben¬ 

zoyl peroxide were heated together in a Fisher Hi-Temp oil bath at 

130° for two hours. 

The mixture was cooled and then extracted with two successive 100 

ml. portions of boiling heptane to remove any unreacted benzoyl 

chloride or benzoic acid. 

The remaining purple semisolid was boiled with 100 ml. of water- 

cooled somewhat and the water decanted. The residue was then taken 

up in alcohol filtered into a crystallizing dish and the solvent removed 

on a steam bath. 

The tacky black solid weighed 16 grams. The analytical sample was 

prepared by extracting as much of the compound as 50 ml. of boiling 

ethanol would dissolve and chilling the solution overnight. A black 

amorphous material was obtained for which no definite melting point 

could be obtained. The softening point of the compound was above 

196°. 

Anal. Calcd. for C14H12S02: C, 68.82; H.4.95; S, 13.12. 

Found: C, 68.43; H, 4.82; S, 13.34. 

O-chlorobenzylidine Derivative of /. [Ill]—One gram of potassium 

hydroxide was dissolved in 30 ml. absolute methanol. To this mix¬ 

ture was added 3 g. of 2,6-dimethyl-4-thiopyrone and 3.2 g. o-chloro- 

benzaldehyde in the order named. The solution was allowed to stand 

48 hours at room temperature, following which time it was acidified 

with hydrochloric acid and diluted with 100 ml. of water. A precipi¬ 

tate (5.7 g.) was formed which was filtered and air-dried. The choco¬ 

late compound was recrystallized once from ethanol, m.p. 142-144.° 

Anal. Calcd. for C14HnSOCl: C, 63.99; H, 4.21, S, 12.20; Cl, 13.49. 

Found: C, 63.45; H, 3.98; S, 12.53; Cl, 13.08. 

The chloro derivative of III was prepared by adding 5 ml. of sulfuryl 

chloride to 1 gram of the purified substance and allowing the mixture 

to stand until the reaction appeared to be complete (about 10 minutes). 

The crusty mass was thoroughly stirred with 50 ml. of water, filtered, 

and dried in air. 
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The analytical sample was taken up in ethanol and precipitated 

with two volumes of water. 

Anal. Calcd. for CJ4HtlSOCl3: Cl, 31.88; S, 9.61. 

Found: Cl, 31.34; S, 9.27. 

2,2',6,6'-Tetramethyl A*’4'-bi-4H-Pyran [IV] — Three and two 

tenths grams of 2,6-dimethyl-4-thiopyrone was ground together with 

20 g. of copper powder and then heated in a pyrex test tube in an oil 

bath at 140° for one hour and for an additional hour at 160° C. The 

cake was removed from the tube, pulverized and extracted with ben¬ 

zene to give 700 mg. of a dark brown glassy compound melting at 127— 

129.5°. 

Anal. Calcd. for C14H1602: C, 77.74; H, 7.45. 

Found: C, 77.91; H, 7.31. 
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Step Function Representation of Certain Functions 

by W. T. GUY, JR. 

The University of Texas 

INTRODUCTION 

The papers of Abramson [1] * and Guy [3] which appeared in this 

Journal suggest a similar representation of a function of two or more 

variables by step functions. This representation will be considered for 

certain functions, denoted by H, which are involved in integrals of the 

type 
V u 

(1) W(u,v) =a_1 b-1 J0 J0 H(x,y) sina(u-x) sinb(v-y) dx dy . 

In this equation a and b denote positive constants, H denotes a func¬ 

tion which may be expanded in a finite Taylor series, and u>0, v>0. 

Our problem is to determine the choice for h such that if H(x,y) is 

replaced by hH(u,v) the resulting approximation is reasonably valid 

for small u and v. The sense of the approximation will be made precise 

in the analysis. We first determine h under the assumption that 

H(x,y) = Amn xm yn for O ^ x ^ u and O ^ y ^ v. Using this result we 

can then establish the analogous result for the assumption that H(x,y) 

= A00 + A10 x + Aqi y + A20 x2 + An xy + A02 y2 + ° ■ * + Apq xp yq, 

valid for O ^ x ^ u and O ^ y ^ v, where p and q denote non-negative 

integers. 

ANALYSIS 

The preliminary problem, more precisely stated, is as follows: If 

W is given by equations (2) and (3) below, what is the limit of h as 

(u,v)-»(0,0) with u>0 and v>0? 

V u 

(2) W (u,v) = a_1 b-1 JQ J0 h Amn um vn sin a(u-x) sin b(v-y) dx dy. 

V u 

(3) W(u,v) ^a-1 b 1 JQ JQ Amn xm yn sin a(u-x) sin b(v-y) dx dy. 

We need a few preliminary definitions. 

* The numbers in brackets refer to the Literature Cited. 
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Definition 1. h+ denotes the limit of h as (u,v)—>(o,o) with u>o and 

v>o. h+ will also be used if there are some restrictions 

upon how (u,v) —>(o,o) [see Theorems 2 and 3]. 

Definition 2. F denotes a set whose elements are functions of two 

variables (denoted by u and v, here) 

(i) defined over —c<u<c, —d<v<d, for some c and 

d, both positive, 

(ii) such that if f is one of the elements of F, then lim 

f(u,v) = 0 as (u,v)->(0,0). 

In this last definition c and d are not necessarily the same for every f 

of the set F. Clearly, F is not the empty set since the function defined 

over -1<u<1, -1 <v<l and whose value at (u,v) is uv has the re¬ 

quired properties. 

Definition 3. f = o(l) [read small oh of 1] as (u,v)->(0,0) if and 

only if f is an element of F. 

Definition 3 is a special case of the two dimensional generalization of 

a more general definition [4, 5] involving the symbol o(g(u,v)); 

however, we will need only the special case cited. In the sequel we let 

o (1) denote any f in the set F—or the appropriate one in F in case 

there are other requirements on f due to the context. Needless to say, 

with this agreement, o(l) does not necessarily stand for the same 

element of F every time it occurs, even if this occurrence is in the 

same chain of equalities. It should also be evident that if f and g are 

elements of F, then so are f+g, f — g, fg, and kf, if k denotes a bounded 

function in some neighborhood of (0,0). 

Definition 4. O! = 1 and if m denotes a positive integer then 

m! = 1-2-3 •••m. 

We now return to equation (2). Performing the integration with 

respect to x we obtain 

V 

W(u,v) =a_1 b1 J0 h Amn um vn a1(l-cos au) sin b(v-y) dy , 

= h Amn um vn a-2 b'2 (1 -cos bv) (1 -cos au) , 

(4) = (2! 2!)"1 h Amn um+2 vn+2 [l+o(l)], 

since cos au= 1-a2 u2 (2!)_1 + u2 o(l) as (u,v) -»(0,0), and similarly 

for cos bv as (u,v) ->(0,0). 

Next, we carry out the integration with respect to x indicated in the 

right hand member of equation (3). The case in which m denotes an 

even non-negative integer needs to be handled apart from the case in 

which m denotes a positive odd integer. In both cases the required in- 
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tegration by parts is essentially that given in reference [3] and will 

not be done in detail here. The result given there with obvious changes 

in notation is that 

(5) 
u jjq j m -j- 2 

a'1 Jo x"' sin a(u-x) dx =-—+— u [1 + o( 1)]. 
yi + 2) i 

Using this information we obtain from equation (3) that 
V 11 

W(u,v) = a_1 b_1 Amn j3 yn sin b(v-y) dy j’0 xm sin a(u-x) dx 

IA, 
n! 

(n + 2)! 

m + 2 

V [1+0(1)] 
m! 

(m + 2)! 

m + 2 

U [1+0(1)], 

(6) |A_ 
m! n! 

(m + 2)! (n + 2)! 
um + 2 yn + 2 |-| o(l)]. 

Equating the right members of equations (4) and (6) and dividing by 

common non-zero factors, we obtain, 

h 

2! 2! 
[1+0(1)] 

m! n! 

(m + 2)! (n + 2)! 
[l+o(l)]. 

Now taking the limit of both sides of this equation as (u.v) -» (0,0) 

with u>0 and v>0, we obtain the desired result, 

2! 2! m! n! 

(in + 2)! (n + 2)! * 

For convenience of reference we restate the results in the form of a 

theorem. 

Theorem 1. If 

(1) H(x,y) = Amn xm yn for O^x^u. O^y^v with m and n de¬ 

noting non-negative integers, 

(2) W(u,v) = a-1 b 1 J0H(x,y) sin a(u-x) sin b(v-y) dx dy, 

(3) h is defined implicitly by equation (2), 

(4) h+ is defined as in Definition 1, 

then 
2! 2! m! n! 

(m + 2)! (n + 2)! ’ 

It is clear that Theorem 1 can be easily generalized to cover the case 

where W is a function of three or more variables. It is interesting to 

note that h+ for the single variable case treated in reference [3] can be 
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obtained by setting n = O in the result given above, as is to be expected. 

We now consider the case in which 

H(x,y) = A00 + [A10 x + A01 y] + [A20 x2 + Auxy + A02 y2] + • • • 

+ [Apo xp + Apl,., xp-1 y + • • • + A0P yp]. 

If Amn is the first A that is not zero and is the only non-zero A in the 

grouping of A’s whose subscripts total m + n, then we can write [2] 

H(x,y) |Amn xm yn + (x2 + y2) ox,y(l) . 

The double subscript x,y on ox,y( 1) is used to indicate that the symbols 

u and v used for the independent variables in Definitions 2 and 3 are 

to be replaced by x and y, respectively. 

Before stating and proving the next theorem we consider two pre¬ 

liminary lemmas. The first lemma is stated without proof since its 

proof is an easy extension of the proof of Lemma 1 given in refer¬ 

ence [3]. 

Lemma 1. If (1) g(x.y) -„„ (!) as (x,y)-»(0,0), 

(2) O^x^u, O^y^v, 

then g(x,y) sin a(u-x) sin b(v-y) =uv o(l) as (u,v)->(0,0). 

Lemma 2. If 

(1) ox>y (1) is continuous for O ^ x ^ u and O ^ y ^ v, 

V u I4(m + n) 

(2) W2(u,y) =a-' b-1 J0 J0 o,y(l) (x2 + y2) 

sina(u-x) sinb(v-y) dx dy, 

(3) m and n denote non-negative integers, 

y2(m + n) 

then W2(u,v)=u2 v2 (u2 + v2) o(l), as (u,v)-^(0,0). 

Proof: By hypotheses (1) and (2) and a mean value theorem of the 

integral calculus (see page 232 of [2] ) we know there exists a number 

pair (s,t) such that O ^ s ^ u and 0 ^ t ^ v and such that 

y2 (m + n) 

W2(u,v) =a_1 b"1 os,t(l) (s2 + t2) sin a(u-s) 

v n 

sin b(v-t) j; j; dx dy. 

Performing the indicated integration and using Lemma 1, we obtain 

y>(m + n) (m + n) 14 (m + n) 

W2(u,v) =uv o(l) (s2 + t2) (u2 + v2) (u2 + V2) uv, 



36 THE TEXAS JOURNAL OF SCIENCE 

Yz (m + n) 

= u2 v2 (u2 + v2) o(l), as (u,v)—>(0,0), 

since O ^ s ^ u and O ^ t ^ v. Hence the lemma is established. 

We are now in a position to establish the following theorem. 

Theorem 2. If 

(1) H(x,y) = Amn xm yn + [Ap+1.0 xp+x + AP1 xp y + ■ ■ • + A0.p+1 yp+1] 

+ '••+ [Ap+r.0 xp+r +••• +A0.p+r yp+r] + (x2 + y2)2 ox,y(l) 

over O^x^u, O^y^v with AmI ^ O and m,n, and r denoting 

non-negative integers and m + n|p, 

(2) W(u,v) is defined by equation (1), 

(3) h is defined implicitly by equation (2), 

(4) h+ + lim h as (u,v)->(0,0) with u/v bounded and bounded away 

2! 2! m! n! 
from O, then h+ =■ 

(m + 2)! (n + 2)! ‘ 

Proof: By hypothesis (1) we can rewrite H(x,y) as H(x,y) = Amn xm yu 

Yz (m + n) 

+ (x2 + y2) ox>y (1), and therefore hypothesis (2) becomes, upon 

using Lemma 2, 

(7) W(u,v) 1: a-1 b-1 JQ JQ Amn xm yn sin a(u-x) sin b(v-y) dx dy + 

W2(u,v), 

(8) |An 

(9) 1 A, 

m! n! 

(m + 2)! (n + 2)! 

m! n! 

■um+2 vn+2 [1 + o(l)] + um+2 vn+2o(l)? 

ni 

(m + 2)! (n + 2)! 
-um+2 vn+2 [l+o(l)]. 

The first term of the right hand member of equation (8) was obtained 

from the corresponding term of equation (7) by using the integration 

previously performed in obtaining equation (6). The second term of 

the right hand member of equation (8) was obtained from the form 

of W2(u,v) by noting that 
%(m + n) 

W2(u,v) — U2 V2 (U2 + V2) O ( 1 ) , 

Yz m Yz n 

= um+2 vn+2 [1 + (v/u)2] [1 + (u/v)2] 0(1), 
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(10) = um+2 vn+2 o(l), 

since u/v is bounded and bounded away from zero by hypothesis (4). 

From hypothesis (3), we have [repeating the steps leading to equa¬ 

tion (4)] 

(11) W (u,v) =h Amn um+2 vn+2 (212!)-1 [1 +o(l)] . 

Equating the right hand members of equations (9) and (11), we have 

m! n! 
u m + 2 vn + 2 [1+0(1)] 

(m + 2)! (n + 2)! 

= h Amn um+2 vn+2 (2! 2!)_1 [1 +o(l)] . 

Hence, dividing both sides of this last equation by common non-zero 

factors and taking the limit as (u,v)—>(0,0) with u/v bounded and 

bounded away from zero, we obtain 

_2! 2! m! ni 

(m + 2)! (n + 2)! 

Therefore the theorem is established. 

It is evident from the proof of Theorem 2 that (1) strong use was 

made of the fact that the only term of order equal to or less than 

m + n, jointly in x and y, in the expression for H(x,y) was Amn xm yn, 

and (2) that the higher order terms, in x and y jointly, did not affect 

the conclusion (cf. Theorem 1). Of course, there were restrictions on 

how (u,v)->(0,0) which were not needed for Theorem 1. 

We now establish the principal result of this paper in which the 

coefficients of all terms of order lower than m + n (jointly in x and y) 

in H(x,y) are zero whereas Amn xm yn is not the only non-zero term 

of order m + n. This will also necessitate a restriction on how (u,v)—> 

(0,0). 
Theorem 3. If 

(1) H(x,y)■H1(xiy) + (x2 + y2)* ox>y(l), where 

Hi(x,y) =A|)0 xp + Apj x11"1 y + • • • + A0|, yp, and 

p = m + n, 

(2) W (u,v) is defined by equation (1), 

(3) h is defined implicitly by 

V U 

W(u,v) =a_1 b_1 Jq h H(u,v) sin a(u-x) sin b(v-y)dx dy, 

^ (4) lim h = h+ and lim u/v = s>0, both as (u,v) ->(0,0), 
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(5) f(s) = Apo S" + Am., s”-1 + • • ' + A0p s"-»^= 0, 

n! O! 
then h+=2! 2! g(s)/f(s), where g(s) =Ap0 ^sn + 

(p —1)! 1! | ... i a 0! P! 
Prl'1 (p + 1)! 3! + +Aop 2! (p+2)! 

Proof: From hypothesis (3) we obtain [cf. the steps leading to 

equation (4)] 

W(u,v) =a ' tr1 h Hi(u,v) a u2 b v2 (2! 2!)-1 [1 + o(l)], 

(12) =hum+2 yI1+2 f (u/y) (2! 2!)_1 [1 + o(l)] . 

From hypotheses (1) and (2) we have 

W(u,v) =a“’ b_1 J0 [H^x.y) + H,(x,y)] sina(u-x) 

sin b(v-y) dx dv, where H2(x,y) = H(x,y) — Hx(x,y) . 

Integrating the term involving Hx(x,y) by using equation (5) re¬ 

peatedly, and setting W1(u,v) = W(u,v) — W2(u,v), we obtain 

V It 

W,(u,v) -a 1 1) : j;, J'0 Hpfoy) sina(u-x)sin b(v-y) dx dy, 

■ [A po- 

p! O! 
,p + 2 

(p + 2)! 2! 
+ Ap-pr 

(P~ 1)1 11 

(p + 1)! 3! 
-up+i v3 + 

+A0] 
O! p! 

2! (p + 2)! 
U2 VP + 2] [1+0(1)], 

= um + 2 vn + 2 g(u/v) [1+0(1)]. 

From Lemma 2. hypothesis (4), and equation (10), we have 

W2(u,v)=u2 v2 (u2 +v2)1/2P o(l)=um+2 vn + 2 o(l), where p = m + n. 

Hence [since W(u,v) = (u.v) + W2 (u,v) ], we have 

W(u,v) =um+2 vn+2 g(u/v) [1 +o(l)] +um+2 vn+2 o(l) 

(13) = um+2 vn + 2 g(u/v) [1 +o(l)]. 

The last step above is valid since lim u/v = s>0, and g(u/v) denotes 

a polynomial in the symbol u/v. Equating the right hand members 

of equations (12) and (13), we have 

hum+2vn+2 (2! 2!)_1f(u/v) [1 +o(l)] = um + 2 v11+2g(u/v) [1 +o(l)]. 

Dividing both sides of this equation by the common non-zero factors 

and taking the limit as (u,v)-»(0,0) with u/v -> s > 0, we obtain 

(14) h+=2! 2!g(s)/f(s), since f(s)^0 by hypothesis (5). Hence 

the theorem is established. 

Equation (14) may be rewritten in a more suggestive form by using 

the symbols used for expressing H(x,y) as follows 
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(15) h+ = 

+ A0p- 

2! 2! [Ap0 — 

O! p! 

2! (p+2)! 

p! O! 

(p + 2)! 2! 

—sn—p] + [A 

sn+A p-i-i 

PO sn +Ar 

+_il_’_sn_1 + • • 
(p + 1)! 3! 

Sn-1+-hA0p Sn“p]. 

If all the A’s in equation (15) are zero except Amn then the equation 

reduces readily to 

h+ I (2! 2!) A1; 
m! n! 

(m +2)! (n + 2)! 
-[A, 

2! 2! m! n! 

(m + 2)! (n + 2)! * 

This equation is precisely the result given by Theorem 2. 

SUMMARY 

Theorem 3 gives the principal result. It is more complicated than 

the single variable case [3] since special care had to be exercised in 

how (u,v)—>(0,0). The results apply to many different functions H 

since the class of functions which can be expanded in a finite Taylor 

series is a large and very useful class of functions. The generalization 

of Theorem 3 to functions of three or more variables would be much 

more complex due to the many possibilities of distinct ratios of pairs 

of the independent variables. 
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Inactivation of Aqueous Solutions of Lactic Acid 

Dehydrogenase by Ionizing Radiation1 

by C. M. WILLIAMS2, G. M. KRISE\ and JOAN B. HUNTER 

The University of Texas and the United States Air Force, 

Balcones Research Center, Austin, Texas 

INTRODUCTION 

As catalysts for metabolic reactions, enzymes have long attracted 

the attention of radiobiologists interested in the mechanism of radia¬ 

tion damage or lethality. Many authors erroneously concluded that 

enormous doses of radiation are required to inhibit enzymes. However, 

Dale (1940), by diminishing the concentration of the crystalline en¬ 

zyme carboxypeptidase, obtained inhibition with relatively small doses 

of x-rays. Subsequently, Barron et al. (1949) showed that dilute solu¬ 

tions of sulfhydryl enzymes such as phosphoglyceraldehyde dehydro¬ 

genase, adenosinetriphosphatase, and succinoxidase were inactivated 

by small doses of x-rays. When inhibition was partial, the enzymes 

could be reactivated by the addition of glutathione. Irreversible inhi¬ 

bition, which occurred when the dose was increased, was attributed to 

protein “denaturation.” Inhibition of the non-sulfhydryl enzymes- 

trypsin, catalase, and ribonuclease—which required larger doses of 

x-rays was also attributed to protein “denaturation.” 

Until recently, lactic acid dehydrogenase was believed not to react 

with sulfhydryl-binding reagents [Neilands (1952)] and it was gen¬ 

erally assumed that thiol groups were not essential for its activity. 

Neilands (1954), however, found that its activity could be suppressed 

with p-cholormercuribenzoic acid and that the inhibition could be re- 

1 Supported in part with funds provided under Contract AF 41(657)-149 and the 

School of Aviation Medicine, Randolph AFB, Randolph Field, Texas. 

2 Present Address: Radioisotope Unit 

Veterans Administration Hospital 

University Drive 

Pittsburgh 40, Pennsylvania 

3 Present Address: Department of Biology 

Agricultural and Mechanical College of Texas 

College Station, Texas 
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duced with excess cysteine. We, therefore, undertook to investigate the 

inactivation of this enzyme in some detail. 

MATERIALS AND METHODS 

Lactic acid dehydrogenase (LDH) 

The specimen used was a commercial product (Nutritional Bio¬ 

chemicals Corp.) obtained from rabbit muscle; it had been twice 

recrystallized and was supplied as a suspension in 50 percent ammo¬ 

nium sulfate. The stock solution was kept under refrigeration at 3 to 

6 C. The activity of individual stock solutions did not diminish signifi¬ 

cantly during the course of the determinations which took 3 to 4 weeks. 

The activity of the enzyme was measured by following the rate of 

appearance of the band at 340 my produced by diphosphopyridine 

nucleotide (reduced) in the reaction. 

L (+) -lactate + DPN+ Pyruvate + DPNH + H+ 

This reaction was carried out at pH 10.0, according to the method of 

Neilands (1955). 

Reaction mixture 

1. Glycine-buffer (0.2 molar). Glycine (1.5 gm.) was added to 

100 ml. water and 64 ml. of 0.2 molar NaOH. NaOH was then added 

dropwise until the pH was 10.0. The mixture was then diluted to 

200 ml. An aliquot of 2.3 ml. was added to each cuvette. 

2. Lactic acid. The sodium salt of L (+) — lactate (Pfanstiehl Co.) 

was obtained as a 40 percent solution and used without further purifi¬ 

cation. A stock solution was prepared by diluting 1.0 ml. of this solu¬ 

tion to 8.6 ml. with distilled water. One-half ml. of the stock solution 

was diluted to a final volume of 3.0 ml. to give a final concentration 

of 6 x 10-2 molarity in the cuvette. 

3. Diphosphopyridine nucleotide (DPN) (California Foundation 

for Biochemical Besearch). A 0.5 ml. aliquot of 2 x 10 2 molar solution 

was added to the cuvette to give a final concentration of 3.3 x 10~3 

molarity. 

4. Phosphate-buffer. Thirty-nine ml. of 0.2 molar NaH2P04 was 

added to 61 ml. of 0.2 molar NaTIPOvZ^O. The pH was adjusted to 

7.0 and diluted to 200 ml. This gave a final molarity of 0.1. 

5. Technich. All solutions of enzyme were prepared daily. Beadings 

of the reaction were carried out in a Beckman Model DU spectropho¬ 

tometer at 340 my in silica cells of 1 cm. light path. After all reactants 

except the enzyme were added, the cuvette was positioned in the light 

path and zeroed at 340 my. The 50 or 100 yl. of enzyme solution were 
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pipetted onto the hollow of an “adder-mixer” made of polyethylene. 

This mixer was then plunged into the cuvette twice. Readings on the 

spectrophotometer were taken every 10 seconds for a period of 60 

seconds. Control readings showed that the optical density of the solu¬ 

tion did not change within this period of time when the enzyme was 

omitted. With the initial concentrations described, the time versus con¬ 

centration of DPNH curves were linear for the first 1 to 2 minutes. 

The initial reaction velocity was calculated by subtracting the reading 

at 10 seconds from the reading at 40 seconds and multiplying by 2. 

Duplicate determinations agreed within 3 to 5 percent. 

Quadruply distilled water was obtained from an apparatus described 

by Sigoloff (1957). Single distilled water from a Barnstead still was 

distilled from (1) alkaline permanganate, (2) sulfuric acid, and (3) 

distilled water, and then stored in polyethylene containers until used. 

Irradiation technics 

All radiations were carried out in a 1,240 curie Co60 source designed 

by Auxier (1955). Dosimetry was carried out by means of the single¬ 

phase, trichloroethylene-saturated, water-equivalent chemical dosim¬ 

eters of Sigoloff (1956). 

The following precautions were taken to minimize the interference 

of impurities in the determination of enzyme activity: all glassware 

used was soaked in Alconox solution, thoroughly rinsed in tap water, 

then in deionized water, and finally in quadruply distilled water. It 

was dried in an oven and stored in a dust-free atmosphere. Solutions 

to be irradiated were placed in siliconed tubes. These tubes were im¬ 

mersed in cleaning solution overnight and then thoroughly rinsed, as 

previously described. After drying, a 3 percent (v/v) solution of Dow- 

Corning No. 200 silicone fluid (dimethyl silicate) 350 centistokes, dis¬ 

solved in methylchloroform, was prepared and shaken until adequate 

dispersion was accomplished. The tubes were filled with the silicone 

mixture and then inverted to allow drainage and evaporation of the 

solvent. They were first baked for 1 hour at 100 C. and then for 4 hours 

at 300 C. 

During studies of the variation in G4 with concentration, it was 

necessary to change the volumes irradiated in the interests of economy. 

It was found that no volume effect could be detected; that is, the G 

value was the same whether the volume was 2 ml. or 15 ml. Volumes 

of solution exposed to radiation were usually 4 ml. Immediately after 

irradiation, each sample was diluted with an equal volume of phos- 

4 G values represent the number of atoms changed or formed per 100 ev of energy 

absorbed in the reaction media. 
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phate buffer. Then all tubes were immersed in an ice bath. For the 

calculation of G values, 6 to 10 doses were examined. Duplicate control 

values were determined before and after irradiation of samples. No 

loss in control activity was found during the course of determining the 

activity of the irradiated samples (usually 1 to 2 hours). Each exposed 

sample was assayed in duplicate. The optical density at 280 m/x was 

determined on the control specimen before and after each run. Follow¬ 

ing assay of the samples, residual activity was plotted as a percent of 

the control on a logarithmic scale; when necessary these points were 

fitted to a straight line by the method of least squares and the half 

inactivation value was used to calculate the G value. 

Calculation of G value 

Radiation yields in aqueous solution systems are expressed in G 

values. About 32.5 ev is required to produce 1 ion pair or to change 1 

atom or molecule in gas. This value for various gases varies with elec¬ 

tron energy from about 31.6 to 33.3 ev per ionization between 10 kv 

and 1.0 Mev. It has been determined that 1.61 x 1012 ion pairs per 

roentgen per gram of air are created and that 32.5 ev per ion pair are 

absorbed. Since 83 ergs are absorbed in 1 gm. of air by 1 r and 93 ergs 

per gram of water by 1 r, it follows that the ion pairs per milliliter of 

water per roentgen are equal to 1.79 x 1012. Our G values were calcu¬ 

lated by the expression, 

_ 3.08 xN 

1.79 x 1012 x r Co60 

where N is the number of molecules changed per milliliter by the 

specified amount of radiation. 

results 

Comparison of the specimen with pure enzyme 

The initial reaction velocity was found to be directly proportional 

to the enzyme concentration. This permitted calculation of the degree 

of inactivation of the enzyme by measuring the initial reaction velocity. 

Beef heart lactic acid dehydrogenase was found to have a maximum 

turnover number of 12,300 moles of substrate (DPNH formed) per 

minute per mole of enzyme at 25 C. in the system described as follows: 

0.1 molar glycine NaOH buffer, pH 10.0; 8.7 x 10-4 molar DPN+, 

2.7 x 10~2 molar sodium DL-lactate, and 0.3 to 0.6 /xg. of enzyme 

[Neilands (1955)]. In this medium the substrates DPN+ and lactate 

are in excess, and velocity is strictly independent of the enzyme con¬ 

centration. Using the same concentration of reactants, we have esti- 
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mated the turnover number of our preparation used in these G value 

determinations to be about 5,000. Thus, our preparations were about 

50 percent active. 

Kinetics of inactivation of lactic acid dehydrogenase 

The results of a typical experiment on the inactivation of a solution 

of lactic acid dehydrogenase are presented in figure 1. The logarithm 

of the concentration of the active LDH remaining after irradiation is a 

linear function of the radiation dose administered. From the value for 

half inactivation of this first order reaction, the number of molecules 

inactivated by a given dose can be readily calculated. 

Variation of G with initial LDH concentration 

The data of figure 2 suggest that the G value reaches a plateau at 

about 0.2 in the region of 1 x 1(L5 to 8 x 10~5 molar LDH. Below 1 x 10-5 

molar, the G value falls continuously to a level on the order of 0.02 or 

less in the vicinity of 10 7 to 10_s molar. 

Effects of oxygen on the G value 

A solution of 2 x 10-7 molar LDH was oxygenated by passing 

oxygen through a train of wash bottles filled successively with (1) 

quadruply distilled water, (2) concentrated H2S04, (3) concentrated 

NaOH, (4) quadruply distilled water, (5) quadruply distilled water, 

and (6) Drierite. Each tube was bubbled for 3 minutes before irradia¬ 

tion. The G value of the control solutions was 0.055. The G value of 

the oxygenated solutions was 0.056. The G value of a solution which 

was bubbled with argon for 3 minutes (the argon had passed through 

the same train as the oxygen) was 0.053. It was concluded, after 

several repititions with similar results, that oxygen played no role in 

the inactivation of this enzyme. 

DISCUSSION 

One of the characteristics of enzyme inactivation in aqueous solu¬ 

tion by ionizing radiation is the variation in yield depending on solute 

concentration. Yield dependence on solute concentration is generally 

held to be a consequence of the indirect action of the radiation on the 

enzyme due to the generation of, among other things, the free radicals 

H and OH. At high dilutions, the yield is smaller than for moderate 

concentrations, ostensibly because of the competitive recombination 

of radicals. At moderate concentrations up to about 15 percent, the 

effect of this recombination of radicals is negligible and the ionic yield 
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is constant. Another characteristic of the indirect action of ionizing 

radiation on complex molecules is the exponential character of the dose 

inactivation curve (that is, when percent activity is plotted against 

dose). This is probably due to the increasing competition for radicals 

by the increasing fraction of already inactivated solute. Both of the 

characteristics are illustrated very clearly in the case of the inactiva¬ 

tion of lactic acid dehydrogenase by ionizing radiation. Only one 

previous estimate of the degree of radiation inactivation has been made 

on this enzyme. Barron et al. (1949) radiated a 1.25 x 10-G molar 

solution in 0.05 molar phosphate buffer with doses of 1,000 and 5,000 r. 

They found only negligible inhibition (4 to 6.5 percent) at the higher 

dose rate. Two possible causes for this discrepancy are (1) our prepa¬ 

rations were irradiated in quadruply distilled water (at this concen¬ 

tration our enzyme preparation would be expected to suffer a 35 per¬ 

cent loss in activity at a dose of 5,000 r), and (2) Barron reported the 

purity of their protein moiety as only 32 percent. 

Our observations on the role of oxygen in the inactivation of lactic 

acid dehydrogenase provide information about the mechanism of the 

Fig. 1. Inactivation of 1.8 x 10 7 molar LDH in distilled water plotted as log percent 

residual activity. 
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CONCENTRATION OF LACTIC ACID DEHYDROGENASE (Moles per liter) 

Fig. 2. Variation in G value at different concentrations of LDH. 

inactivation. In the presence of dissolved 02, the H atoms react to form 

H02 radicals which are then reduced by H atoms to H202 [Barron 

et al. (1949)]. Irradiation in the presence and absence of 02 should 

provide a means for distinguishing between the action of OH radicals 

and of H02 radicals or H202. If either of the latter two compounds is 

involved in the inactivation of LDH, then higher reaction yields should 

be obtained in the presence of 02, and lesser yields should be obtained 

in the absence of 02. Since the yields obtained with this enzyme were 

not different in the two instances, it is suggested that neither H202 nor 

H02 radicals are the active entities.5 

SUMMARY 

The activity of rabbit muscle lactic acid dehydrogenase was reduced 

by Co60 gamma rays—the inactivation was found to be an exponential 

function of the radiation dose. At 2 x 10-8 molarity the G value was on 

5 Further evidence indicating that OH radicals may play a part in the inactivation 

of lactic acid dehydrogenase is provided by our preliminary observations that OH 

radicals produced chemically by the interaction of H202 and FeS04 caused an inacti¬ 

vation of this enzyme—this inactivation being a function of the time of exposure of 

the enzyme to the chemicals. 
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the order of 0.02. With increasing concentration the G value increased 

continuously to about 0.2 in the range of 1 x 10-5 to 8 x 10-5. No effect 

on the G value was obtained either by oxygenating or deoxygenating 

the solution before irradiation. 
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Bat Feeding by Green Sunfish 

by ROBERT S. JONES and WILLIAM F. HETTLER 

The University of Texas 

In the spring of 1956, we entered a water-filled cave on the Prassel 

ranch near Boerne, Texas, to investigate the possibility of a community 

of fishes living therein. The cave itself was a typical limestone water 

cave opening into the side of a hill. At this time the country was in the 

midst of a long drouth and the stream which ordinarily flows from the 

cave’s mouth to its point of juncture with the Blanco River was dry. 

Seining operations were conducted with a ten foot common sense 

minnow seine in clear water at a depth of two to four feet. The bottom 

was of a fine clay and fish were often clearly visible until the clay 

was disturbed. At one point, we passed under a colony of Mexican 

free-tail bats, Tadarida mexicana, roosting on the ceiling. When they 

were aroused by our lights, they attempted to fly and several fell into 

the water. A moment later we lifted the seine and began to remove 

several green sunfish, Lepomis cyanellus Rafinesque, from it. We then 

observed that one of the largest of the fish had just swallowed a bat 

and the animal’s wing, still fluttering, protruded from the sunfish’s 

mouth. The only other possible food sources noted were channel cat¬ 

fish, Ictalurus punctatus Rafinesque, and a fairly abundant population 

of crayfish. All organisms observed seemed to be unnaturally pale and 

it was concluded that at least the fishes had been trapped in the cave 

by the drouth for some time. 
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Laboratory Hybrid Combinations Among 

Etheostomatine Fishes 

by CLARK HUBBS 

The University of Texas 

Many workers have demonstrated the facility that laboratory hy¬ 

brids can be reared to adult size among fishes (Aim, 1955; Aksiray, 

1952; Buss and Wright, 1956 and 1958; Gordon, 1957; C. L. Hubbs, 

1955; C. L. Hubbs and L. C. Hubbs, 1932 and 1945; C. Hubbs, 1956; 

C. Hubbs and Drewry, 1959a and b; C. Hubbs and Strawn, 1956; 

Minamori, 1956; Moenkhaus, 1910; Newman, 1914; Oztam 1954; 

Rubinoff and Shaw, 1958; and Suzuki, 1957a and b). This general phe¬ 

nomenon applies also to the bottom inhabiting darters comprising the 

subfamily Etheostomatinae. C. Hubbs and Strawn (1957a and b) and 

Lindler (1958) have reported many hybrid combinations produced in 

the laboratory and C. Hubbs (1958) reported offspring from Fa hybrids 

which were not only backcrosses to their parents but also outcrossed 

to additional species. These results are not surprising as C. L. Hubbs 

(1955) reported a large number of presumed hybrids obtained in 

nature between a variety of fresh-water fishes. If hybrids do occur in 

nature where choice of mates and sites for reproduction are available, 

hybridization is expected under the various experimental conditions 

of the laboratory. 

Gametes were removed artificially from wild-caught and laboratory- 

reared adults following techniques described by Strawn and Hubbs 

(1956). Considerable variation in experimental conditions are in¬ 

cluded in the data. Some experiments were primarily carried out to 

test longevity of gametes in the natural environment (C. Hubbs, 

1957); others were exposed to a variety of temperature conditions; 

others were affected by dietary deficiencies of the maternal parent (C. 

Hubbs and Stavenhagen, 1958); others may have been adversely 

affected by unfavorable concentrations of dissolved solids; and survival 

of others may have been lowered by poor technique. All of these factors 

may lower the survival figures well below that expected under optimal 

conditions; however, the general conclusions are repeated so often that 

their validity is probable. 

49 
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The experiments here reported indicate that virtually any hybrid 

combination can be made between any two species of darter (Table I). 

C. Hubbs and Strawn (1957a) previously reached the same conclusion 

based on part of these data. That paper included data on 20 hybrid 

combinations and 7 of their reciprocals in which fertilization was 

achieved. These data were compared with results obtained from fertili¬ 

zation of 7 controls. This report adds information on 25 previously 

unreported hybrid combinations and 7 reciprocals as well as supple¬ 

mentary data on most of the previously reported crosses. Fertilization 

Table I 

Artificial Hybridization of Fishes 

Interfamilial crosses with asterisk 

9 Parent cT Parent 

Number of 
experiments 
without any 
fertilization 

Number of 
experiments 

with successful 
fertilization 

Number of 
fertilized 

eggs 
Number 
hatched 

Number 
of larvae 
through 

larval stage 

Hadropterus scierus Swain 

H. scierus 13 33 780 632 5 

P. caprodes 4 15 364 310 17 

A. vivax 2' 27 25 0 

E. chlorosomum 3 84 76 0 

E. blennioides 1 30 29 0 

E. juliae 3 270 90 0 

E. radiosum 5 4 83 72 43 

E. spectabile 1 2 21 21 14 

E. caeruleum 1 2 35 34 28 

E. lepidum 5 2 121 103 26 

E. gracile 1 1 0 0 

E. fonticola 1 2 12 7 0 

L. punctatus* 1 

Hadropterus nigrofasciatus Agassiz 

H. nigrofasciatus 2 

H. scierus 2 

A. vivax 1 

E. stigmaeum 1 

E. spectabile 1 1 1 0 

Percina caprodes (Rafinesque) 

P. caprodes 3 40 2883 2535 326 

H. scierus 3 4 184 172 4 

A. vivax 1 10 10 1 

E. blennioides 1 1 34 30 6 

E. radiosum 1 r 21 17 13 

E. lepidum 4 10 765 589 375 

E. spectabile 13 39 3156 2795 1905 

E. fonticola 1 _ 
L. punctatus* 1 2 29 0 0 
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Ammocrypta vivax Hay 

A. vivax 1 .... . . 

E. spectabile 1 .... . . 

Etheostoma stigmaeum (Jordan) 

E. stigmaeum 1 1 19 16 0 

E. zonale 2 

E. blennioides 1 

E. lepidum 1 

H. uranidea 1 

H. nigrofasciatus 1 1 6 6 0 

Etheostoma chlorosomum (Hay) 

E. lepidum 1 

Etheostoma juliae Meek 

E. juliae .... 1 1 1 0 

Etheostoma zonale (Cope) 

E. caeruleum 2 68 47 31 

E. euzonum 1 21 20 0 

H. nigrofasciatus 1 2 0 0 

Etheostoma euzonum (Hubbs and Black) 

E. euzonum 1 39 35 0 

E. caeruleum 1 37 34 13 

Etheostoma radiosum (Hubbs and Black) 

E. radiosum 2 70 67 54 

E. spectabile 1 15 13 7 

E. lepidum .... 2 106 104 56 

E. proeliare 1 

H. scierus 1 5 265 256 179 

P. caprodes 2 20 20 17 

A. vivax 2 100 97 57 

Etheostoma grahami (Girard) 

E. spectabile 1 24 20 13 

P. caprodes 2 1 5 1 0 

Etheostoma lepidum (Baird and Birard) 

E. lepidum 26 156 7170 6914 4517 

E. spectabile 8 31 1663 1488 1151 

E. radiosum 1 1 19 16 10 

H. scierus 8 7 39 28 19 

P. caprodes 3 13 703 658 275 

L. microlophus* 1 3 0 0 

E. spectabile $ X E. lepidum $ 

E. spectabile $ 

X E. lepidum $ 2 

E. lepidum 1 6 107 86 45 

E. spectabile 1 23 439 323 146 

E. radio sum 1 35 28 9 

E. blennioides 1 

H. scierus ■2 28 28 10 

P. caprodes 2 18 266 160 66 
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Table I (Continued) 

Artificial Hybridization of Fishes 

Interfamilial crosses with asterisk 

Number of 
experiments 
without any 

? Parent d" Parent fertilization 

Number of 
experiments 

with successful 
fertilization 

Number of 
fertilized 

eggs 
Number 
hatched 

Number 
of larvae 
through 

larval stage 

Etheostoma spectabile (Agassiz) 

E. spectabile 29 151 5353 4840 3324 

E. spectabile $ X 

E. lepidum $ 10 

E. lepidum 10 40 2110 1662 1338 

E. grahami 2 9 6 1 

E. caeruleum 1 3 139 112 93 

E. radiosum 1 

E. gracile 3 1 62 60 52 

E. parvipinne 1 4 143 136 129 

E. blennioides 2 30 30 9 

E. fonticola 4 5 28 20 13 

H. scierus 6 16 341 335 179 

P. caprodes 18 106 5136 4473 2845 

L. punctatus* 1 4 1 0 

Etheostoma caeruleum Storer 

E. caeruleum 1 9 351 335 263 

E. lepidum .... 1 22 22 8 

E. euzonum 1 1 51 51 38 

E. juliae 5 89 72 25 

E. fonticola 1 

H. scierus 1 1 6 4 0 

P. caprodes 1 1 24 23 23 

Etheostoma proeliare (Hay) 

E. proeliare 1 

E. stigmaeum 1 

E. gracile 1 5 0 0 

E. radiosum 1 2 7 1 1 

H. scierus 1 2 2 0 

H. nigrofasciatus 1 1 1 0 0 

A. vivax 1 1 32 31 16 

Etheostoma fonticola (Jordan and Gilbert) 

E. fonticola 57 12 24 19 10 

E. chlorosomum 1 

E. caeruleum 1 1 8 1 0 

E. lepidum 2 2 12 10 0 

E. spectabile 6 7 21 16 7 

E. euzonum .... 1 1 0 0 

E. juliae 1 2 0 0 

H. scierus 11 7 21 14 1 

P. caprodes 19 8 29 18 1 

Lepomis microlophus (Gunther) 

L. microlophus 1 32 10 10 
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P. caprodes* 1 

E. lepidum* .... 1 

Lepomis punctatus (Valenciennes) 

L. punctatus 2 4 

H. scierus* 2 1 

P. caprodes* 2 

E. spectabile* 3 3 

5 2 0 

180 180 7 

58 0 0 

5 5 0 

was recorded in 3 additional controls. The previous assumption that 

failures in rearing controls and hybrids could be attributed to tech¬ 

nique and chance has been substantiated. Controls of both H. scierus 

and E. fonticola had not yet been reared at the time that report was 

written. Although techniques are still far from perfect, both species 

have now been reared. Likewise the 1957 paper suggested that hybrids 

could be produced between almost any darters. The supplementary 

crosses reported here support this suggestion. The addition of Ammo- 

crypta to the array of darters involved in the crosses is especially 

pertinent. 

Most recent workers agree that capacity to produce hybrids is corre¬ 

lated with phylogenetic relationship (C. L. Hubbs, 1955; C. Hubbs 

and Drewry, 1959a). There is some question as to the significance of 

high and low hybrid survival percentages. Suzuki (1957a and b) and 

C. Hubbs and Drewry (1959a) have good correlation of per cent of 

hybrid survival in cobitids, cyprinids, and cyprinodontids respectively 

with their presumed phylogeny based on morphologic criteria; how¬ 

ever, data here reported are not in total accord. All recent taxonomists 

agree that Hadropterus scierus and Percina caprodes are more closely 

related to each other than either is to Etheostoma spectabile. This 

relationship is so pronounced that Bailey, Winn, and Smith (1954) 

concluded that the genera including those two species should be com¬ 

bined. However, hybrids based on eggs of H. scierus and P. caprodes 

have a far higher survival rate when exposed to sperm of E. spectabile 

than either does when exposed to the sperm of the other (and for that 

matter to sperm of its own species). Following a strict interpretation 

of the hybridization data one would make the highly hazardous con¬ 

clusion that E. spectabile was more closely related to H. scierus than 

the latter was related to P. caprodes. Similar conclusions might be 

obtained if other species such as E. lepidum, E. caeruleum, or E. 

radiosum (from near Nacogdoches, Texas) are used instead of E. spec¬ 

tabile. Such conclusions are not valid as shown by the reciprocal experi¬ 

ments in which the species of Etheostoma are used as egg source. In 

such experiments the crosses with P. caprodes and H. scierus sperm 

are not notably successful. The survival rate appears to approximate 
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that of the most successful parental form under the specific conditions. 

By chance neither P. caprodes nor H. scierus do well under the experi¬ 

mental conditions. Thereby the hybrids between them do not have a 

high survival rate. 

The relative success of a species under specific environmental con¬ 

ditions in the laboratory may correlate with phylogeny. Thus the low 

survival of P. caprodes and H. scierus may reflect a common ancestry. 

These mortalities occur after hatching and appear to result from inade¬ 

quate feeding techniques. Likewise E. fonticola and E. proeliare are 

considered to be closely related on morphologic grounds. Both species 

have a notably low fertilization percentage which also may reflect a 

common ancestry. Finally E. lepidum, E. spectabile, and E. caeruleum 

are similar morphologically and have more or less equal survival rates 

under the laboratory conditions which in turn may reflect a common 

ancestry. These similarities occur in homospecific matings and there¬ 

fore are not the particular province of hybridization experiments. Ob¬ 

viously a similar survival pattern may be coincidental. Thus the sim¬ 

ilar data on H. nigrofasciatus and E. stigmaeum is thought not to be 

related to their common ancestry. I believe it is due to the adverse 

effects of hard (Austin) water in the laboratory on fishes adapted for 

soft (eastern Louisiana) water. 

Although there is no pronounced correlation in darters of percentage 

of hybrids to survive with the phylogenetic relationship of their par¬ 

ents, there is an obvious correlation of extent of hybrid ontogeny with 

phylogeny. Whereas almost any hybrid combination can be produced 

among the darters, no success was attained when darters were crossed 

with sunfishes (Lepomis) belonging to the related family Centrarchi- 

dae. The species belonging to the genus Lepomis hybridize among 

themselves readily (C. L. Hubbs and L. C. Hubbs, 1932; and C. L. 

Hubbs, 1955). Many interfamilial hybrids bat ween sunfishes and 

darters were produced and 8 hatched in five separate experiments; 

however, all died before the yolk sac was absorbed. Thereby the experi¬ 

mental data suggest that capacity to produce hybrids of a given onto¬ 

genetic stage is on an “all or none” basis. If so, the relative frequency 

of adult-sized hybrids in the laboratory or the field is not necessarily 

correlated with phylogenetic relationship, although the capacity to 

produce a hybrid is so correlated. C. Hubbs (1957) has shown that 

hybrid frequency may be correlated with factors other than phylogeny, j 

and thus, any attempt to utilize greater hybrid frequency as an index 

of closer phylogenetic relationship is premature in the absence of 

supporting data. 

This investigation has been supported by consecutive grants from 
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The National Science Foundation. Many graduate students enrolled 

at The University of Texas and faculty members of other universities 

have aided in the field work. Permission to collect stocks for experi¬ 

mental purposes has been freely offered by several land owners. 
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Artificial Hybridization Within the 

Pelobatidae and Microhylidae 

by MURRAY J. LITTLEJOHN 

The University of Texas 

Two intertaxa crosses which will probably not be followed up in 

future work by the present author are reported here. The first is be¬ 

tween two sympatric species of the pelobatid genus Scaphiopus-S. ham- 

mondi and S. bombifrons; the other involves allopatric species of two 

different microhylid genera, namely Microhyla olivacea and Chias- 

mocleis panamensis. Crosses of this nature are of interest in the con¬ 

sideration of reproductive isolation between sympatric species, and as 

an aid in the establishing of levels of relationship (Mecham, 1957). 

Methods of hybridization follow Rugh (1948), and the resulting 

larvae were reared on precooked infant cereal and boiled lettuce. 

1. Scaphiopus hammondi $ X S. bombifrons $ . The female and 

male S. hammondi were collected at Socorro, New Mexico and the 

male S. bombifrons at San Antonio, New Mexico on June 12, 1958. 

The interspecific and intraspecific crosses were then made under field 

conditions on the same evening of collection, using water from the 

collecting site at Socorro, and were not moved until about eight hours 

after fertilization. The embryos were then transported over several 

hundred miles through varying physical conditions until reaching the 

laboratory several days later. After hatching (about 54 hours from 

fertilization), a number of larvae in both the experimental and con¬ 

trol crosses died because of high temperatures and water pollution, so 

the survivors were shifted to larger containers. Subsequently the hy¬ 

brids were placed in an icebox in an attempt to lower the temperature, 

but the homospecific individuals could not be included because of the 

limited space which was available. Consequently more of the latter 

were lost. The remaining homospecific individuals metamorphosed two 

to three weeks after hatching, and the hybrids three to eight weeks 

after hatching, being delayed in part, at least, by the lower tempera¬ 

tures to which they had been subjected. The transformed S. ham¬ 

mondi individuals were preserved, while the hybrids were fed at first 

on Drosophila adults and later on Tenebrio larvae. 

57 
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Six hybrids remained alive five months after the last one had meta¬ 

morphosed, and of those lost, six became oedematous before dying. The 

others died from unexplained causes after feeding and growing for 

some time. Thus it cannot be said whether their deaths are due to their 

hybrid genotype, or to the inadequate nature of the rearing technique. 

The results of these crosses are summarized on Table 1. 

The transformed hybrids appeared somewhat intermediate in ap¬ 

pearance between the parental types, but carried the inter-orbital 

boss characteristic of S. bombifrons (and if such hybrids occurred in 

nature and were collected they would probably be identified as S. 

bombifrons). Both S. hammondi and S. bombifrons may be found to 

gether, breeding at the same sites synchronously, but the males have 

distinct mating calls (Blair, 1955), and these may aid in the maintain¬ 

ing of efficient reproductive isolation. 

2. Microhyla olivacea $ X Chiasmocleis panamensis $ . 

The M. olivacea specimens were collected in Travis County, Texas, 

and the male C. panamensis in the Canal Zone, Panama. The experi¬ 

mental cross and the control were made in the laboratory on Septem¬ 

ber 7, 1958, and, after an initial low fertilization in both, seven of 

the thirteen controls which underwent cleavage, transformed four 

weeks later and were preserved. In the hybrid cross only two of the 

fourteen which cleaved eventually hatched into apparently normal 

larvae. One of these transformed five weeks later into a normal ap¬ 

pearing frog and commenced feeding on Drosophila flies, but died four 

weeks later, probably through desiccation. The other larva never 

metamorphosed, but developed hind limbs and persisted as such until 

it died about eight weeks after hatching. The results of this cross and 

the control are also summarized in Table I. 

Table I 

Results of crosses in Pelobatidae and Microhylidae. 

Initial egg 
Species number Cleaved Hatched Transformed 

Scaphiopus hammondi $ 

X S. hammondi $ 150± 138 9* 

X S. bombifrons $ 70 ± 60 31 

Microhyla olivacea $ 

X M. olivacea $ 159 13 9f 7 

X Chiasmocleis 

panamensis $ 161 14 2$ 1 

* Possible reasons for low survival are discussed in the text, 

f Four appeared to fail during gastrulation. 

$ One failed to enclose the yolk, and eleven failed during gastrulation. 
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It is of interest here, at a qualitative ontogenetic level, that a trans¬ 

formed intergeneric hybrid was produced. Parker (1934) indicates 

that the genus Chiasmocleis differs principally from Microhyla in the 

possession of clavicles and procoracoids, these being absent in the latter 

species. In the light of the raising of this hybrid through metamorpho¬ 

sis, it is suggested here that perhaps the relationship between the two 

species may be closer than had previously been considered. 
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The Vocal Structures and Method of Call Production 

in the Genus Scaphiopus Holbrook 

by WAYNE H. McALISTER 

The University of Texas 

INTRODUCTION 

This study of sound production in spadefoot toads is incidental to a 

similar and more extensive investigation of North American repre¬ 

sentatives of the genus Bufo. The call production mechanism of 

Scaphiopus is somewhat simpler than that found in the common toads, 

and an examination of the spadefoots has aided in understanding the 

more complex calls of Bufo. The main objectives are to describe the 

vocal structures, to explain the method by which a spadefoot produces 

sound, and to characterize the calls of the several species. The vocal 

structures are described only in enough detail so that their function 

can be discussed. Since the morphology of a rather small number of 

specimens was examined, the measurements may not characterize 

larger series. 

Schmidt (1953) listed four species of spadefoots in the United States: 

S. holbrooki, S. couchi, S. bombifrons, and S. hammondi. For the pur¬ 

poses of this report two subgenera and six species will be recognized 

as follows: subgenus Spea (S. hammondi, S. bombifrons, S. intermon- 

tanus); subgenus Scaphiopus (S. holbrooki, S. hurteri, S. couchi). This 

latter grouping follows that suggested by Blair (1955, 1956). A single 

individual was available from Tlaxcala, Mexico. Smith and Taylor 

(1948) recognize the population of Central Mexico as a distinct species. 

Zweifel (1956) concluded from a study on cranial morphology that 

Mexican spadefoots from this region were conspecific with S. ham¬ 

mondi. Primarily for convenience in this discussion, the individual 

spadefoot from Mexico is referred to as S. multiplicatus Cope, and is 

placed in the subgenus Spea. 

There have been some attempts in the biological literature to stand¬ 

ardize several terms used when referring to acoustic phenomena 

(Busnel, 1954; Pringle, 1954). The following definitions are not origi¬ 

nal contributions, but are included so there will be no misinterpretation 

of their meaning in this report. 

60 
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Trill—This term designates one sound pulse produced by a single 

fundamental vibration of the vocal cords. From the beginning of one 

sound pulse (trill) to the beginning of the next succeeding pulse repre¬ 

sents the completion of one cycle in the fundamental vocal cord vibra¬ 

tion period. Fletcher (1953) used “vocal cord vibration period” to 

describe a similar phenomenon in human speech. Pringle (1954) 

introduced “pulse repetition frequency” in his description of the 

tymbal mechanism of sound production in cicadas As explained by 

Fletcher (op. cit.) the sound pulses in humans are created by the 

simplest (fundamental) vibration of the vocal cords. Therefore the 

number of trills per second (trill rate) corresponds to the fundamental 

frequency of the sound produced. However, the trill rate of Scaphiopus 

calls does not always correspond to the fundamental frequency of the 

emitted sound. It has been found that the highest trill rate the sound 

spectrograph will resolve is 80. Calls with trill rates above this value 

must be slowed down in order to evaluate the number of trills per 

second. 

Trill Interval—The silent interval measured from the end of one 

trill to the beginning of the next succeeding trill. 

Dominant Frequency—A single harmonic or (more frequently) 

several adjacent harmonics which are greatly amplified in the emitted 

sound. The occurrence of a dominant frequency is thought to be a 

result of vocal pouch resonance. Fletcher (1953) used the term “form¬ 

ant” for a similar character in human speech. 

Primary and Secondary Vocal Structures—Inger (1954) designated 

the vocal cords and the larynx as primary vocal structures. He termed 

all other parts of the anatomy involved in call production secondary 

vocal structures. Among the latter are the mouth cavity, mouth open¬ 

ings into the vocal pouch, the vocal pouch itself, and associated gular 

muscles. 

METHODS 

The larynxes were removed, strained with toluidin blue, and pre¬ 

served in a 10% alcohol solution until they were examined. Vocal 

pouches and relative positions of some of the gular muscles were 

studied in fresh and preserved specimens. A special apparatus (Fig. 1). 

was used to calculate the volume and pressure of the inflated pouch in 

three species. Movement of a soap bubble along a calibrated burette 

tube revealed the volume of air in the system in cubic centimeters, and 

a water manometer indicated pressure in centimeters of water ( 1cm 

water=0.0142 pounds/in2). The volume indicated is probably slightly 

larger than the actual pouch volume, because any expansion of the 
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Fig. 1. Diagrammatic view of apparatus used to inflate vocal pouches. Regulated air 

input source (A) pushes a soap bubble (B) along a calibrated burette tube as increasing 

pressure is recorded on water manometer (C) and the vocal pouch (D) expands. 

Fig. 2. Physical model designed to demonstrate how an air input source (A) can cause 

rubber membranes (B) attached to flask mouth with rubber bands (C) t© vibrate and pro¬ 

duce a pulsed humming sound. Arrows indicate air flow. 

mouth cavity during the inflation process would be recorded as an in¬ 

crease in pouch volume. The method utilized for sealing the mouth and 

nostrils and placing an air input source in the pharynx will be given 

in detail in a later paper on the genus Bufo. 

A sound spectrograph (Kay Electric Company) was used to ob¬ 

jectively analyze the calls produced by the spadefoots. The principle 
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of operation of this apparatus is given briefly by Blair and Pettus 

(1954). The sound spectrograph produces a “sonagram” with time as 

the abcissa, frequency to 8000 cps. as the ordinate, and with intensity 

indicated by degree of darkness of the trace. The calls of the various 

species were first recorded on magnetic tape at 15 ips. on either a PT6J 

Magnecorder or a Magnemite (Amplifier Corporation) tape recorder. 

These calls were then analyzed on the sound spectrograph. It was pos¬ 

sible by changing the tape speed of the recorders or the gear ratio of 

the spectrograph, to slow the calls down by factors of 0.33, 0.50, or 

0.66. 

The call of a typical individual of each species was viewed on a cath¬ 

ode ray oscilloscope. Drawings were made of the oscilloscope traces, 

and these were used to study the damping characteristics and spacing 

of the sound pulses. These drawings were made while watching the 

oscilloscope screen. 

A simple physical model was constructed to demonstrate the simul¬ 

taneous production of a sound source and a means of chopping the 

sound into a series of pulses (Fig. 2). A pair of rubber membranes was 

secured across the mouth of a 50 ml. discharge flask so that the edges 

abutted over the mouth opening. An air source was connected to the 

side arm of the flask. Air could be directed into the flask through the 

sidearm and forced out the mouth between the membranes, causing 

the edges of the latter to vibrate. 

results 

Two main lines of anatomical investigation were carried out: the 

larynx and vocal cords were studied and the volume and air pressure 

of the pouch were measured. A semidiagrammatic representation of 

the larynx of S. couchi is shown in Fig. 3A. The larynxes of other 

spadefoots are similar. The Scaphiopus larynx is a bean-shaped struc¬ 

ture set between the pharynx and lungs with the convex portion facing 

forward and opening directly into the pharynx through the slit-like 

glottis. The glottis is flanged by a pair of fleshy, muscular lips and the 

whole larynx is bound with muscle. The bronchi are practically non¬ 

existent; the lungs being connected to the larynx by a short mem¬ 

branous chamber with a separate opening for each lung. In a small 

series of adult specimens of comparable body length among the seven 

species, the larynx along its longest axis varied from 7.8 to 10.4 mm., 

and the width was 3.4 to 4.1 mm. The points of measurement are 

shown in Fig. 3A. 

The larynx differed morphologically in only two noticeable charac¬ 

ters. The first of these was in the shape of the depression in the laryn- 
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WIDTH 

A. 6(6.5) 

CAVITY LENGTH 

S. BOMB!FRONS 

S. INTERMONTANUS 

S. HOLBROOKI 

S. HURTERI 

S. MULTIPL1CATUS 

D. 

FIG. 3 
Fig. 3. Scaphiopus vocal structures. A. Semidiagrammatic lateral view of S. couchi larynx. 

B. Series of diagrammatic saggital views of larynxes to show laryngeal wall cavities and 

vocal crords. Note accessory folds in two species. C. Diagrammatic cross section of larynx 

to show position of vocal cords and their posteriorly-curled edges. D. Ventral view of in¬ 

flated pouch of S. hammondi after removal of gular skin. Note the two compartments sep¬ 

arated by a median membrane. 

geal wall anterior to the vocal cords (Fig. 3B). In the subgenus Spea 

the cavity was relatively deep and steep-walled. S. couchi and 5. multi- 

plicatus showed an intermediate condition. S. holbrooki and S. hurteri 

had quite shallow, broader cavities. Cavity length (see Fig. 3B for 

points of measurement) varied from 0.8 mm. in S. bombifrons to 1.8 

mm. in S. hurteri. 

The second laryngeal character which varied considerably among 

the species was the structure of the vocal cords. In general the cords 

exist as a pair of thickened, rather muscular membranes stretching 
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from the walls of the larynx and abutting in the center of the laryngeal 

cavity. The thin, free edge of each cord is recurved downwards (i.e., 

posteriorly) and is often considerably curled (Fig. 3C). In the sub¬ 

genus Spea the cords are fairly thick and fleshy, especially so in S. 

hammondi. The cords of 5. multiplicatus resemble those of S. ham¬ 

mondi in their bulkiness. S. couchi shows a relatively less bulky vocal 

cord. An accessory fold found anterior to the vocal cords is unique to 

S. holbrooki and S. hurteri (Fig. 3B). S. holbrooki, S. couchi, and 5. 

multiplicatus had a few melanophores on the basal portion of the vocal 

cords. 

The structures involved in the spadefoot vocal pouch are essentially 

the same as those designated by Liu (1935) and Inger (1956). There 

is a pair of slit-like openings in the mouth floor near the margin of the 

tongue. Air passing through these slits is directed to the epithelium 

lining the dorsal surface of the subhyoid muscle, and with the applica¬ 

tion of pressure, both the subhyoid and the overlying gular skin are 

stretched. When inflated the pouch is bounded ventrally by the sub¬ 

hyoid, anteriorly by connective tissue marking the posterior edge of the 

submaxillary muscle, and dorsally by the hyoglossus, sternohyoid, and 

geniohyoid muscles and the mouth floor tissue. A strip of connective 

tissue binds the gular skin to the pectoral girdle and this fusion de¬ 

limits the pouch expansion posteriorly. 

As pointed out by Liu (op. cit.) in reference to other anurans, the 

shape and number of mouth slits is variable, even in the same species. 

An examination of two specimens of S. hammondi and S. couchi and 

one specimen of each of the other forms revealed two functional slits 

in every case. Measurements along the long axis of the slit varied from 

4.1 mm. (S. hurteri) to 7.8 mm. (S. hammondi). The difference in 

length between slits in the same individual S. hurteri was 1.1 mm. 

During experimental inflation of the vocal pouches the shape of the 

mouth opening was seen to vary from a simple longitudinal slit to a 

near-perfect circle. The diameter of the circle was much shorter than 

the original slit length. Therefore a study of mouth slits in the relaxed 

(nonfunctional) position can reveal little about their effective dimen¬ 

sions during call production. 

Apparently Smith (1934) was one of the first to point out that both 

«S. bombifrons and S. hammondi have a ‘"divided” vocal sac. Liu (1935) 

was unable to confirm this in his investigation of the latter species. 

Stebbins (1951) in speaking of S. hammondi mentioned, “The vocal 

pouch was observed as bilobed, furrowed longitudinally. . .” Results 

of the present investigation reveal that all species of the subgenus Spea 

possess a relatively thick, transparent membrane extending from the 
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dorsal surface of the subhyoid muscle to the connective tissue in the 

region of the sternohyoids. This membrane divides the vocal pouch 

into two separate compartments, each served by one of the mouth slits. 

The divided pouch makes it necessary that both mouth slits be func¬ 

tional. If one slit were fused, the corresponding pouch compartment 

could not be inflated and the call emitted would probably not sound 

like a normal one. This may be one reason the mouth slit number is 

constant in this group. In the subgenus Scaphiopus, S. couchi lacks a 

membrane entirely, and the other two species have a thin membrane 

with a large central aperture so that the compartments are not entirely 

separated. Although S. couchi has no interrupting membrane, when 

viewing a calling individual a definite short, longitudinal groove can 

be seen in the gular skin on the lower margin of the inflated pouch. 

This may indicate that the pouch was once divided, for grooves are 

quite evident in inflated S. bombifrons and S. hammondi pouches. 

In general there is little or no modification of the gular skin in this 

genus. The subhyoid muscle in all specimens is variously enlarged 

laterally and folded into a small apron. Considerable gular skin and 

subhyoid modification was seen only in S. intermontanus. It seems 

that the inflated pouch of this spadefoot must extend considerably 

above the foreleg insertion. Dickerson (1931) has noted that the pouch 

of S. couchi extends, “. . . over the arm insertion and on the sides of 

the breast. . .” This statement may also be applied to S. hammondi. 

S. bombifrons is the only form examined in which the subhyoid was 

pigmented with melanophores. 

The vocal pouches of two specimens each of S. hammondi and of 

S. couchi and a single S. multiplicatus were artificially inflated with 

the apparatus mentioned above. Each specimen was pithed and im¬ 

mediately prepared and tested. The heart was still beating at the termi¬ 

nation of each experiment. The pouch was inflated until an arbitrary 

pressure of 8.0 cm. of water was attained. This was done twice and the 

results averaged. The pouch was inflated a third time until it appeared 

to be its “normal size” to the observer. The gular skin was then re¬ 

moved and the remainder of the pouch was inflated to a pressure of 

8.0 cm. (Fig. 3D). Data from these tests are presented in Table I. The 

most interesting result of this experiment was obtained with S. ham¬ 

mondi No. 19 and S. multiplicatus No. 26. The great increase in pouch 

volume after the removal of the gular skin (54% in S. hammondi; 

38% in S. multiplicatus) shows that the elasticity of the skin may be 

a primary factor limiting pouch size. The relatively large difference 

in pouch volume between the two specimens of S. hammondi may be 

a result of their body size differences. In this experiment the larger 
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specimens required less air pressure to expand their vocal pouches to 

normal call size. In all cases the volume and pressure recorded in 

Trial 3 is probably nearest the natural values attained by the animal. 

The last column in Table I indicates that in comparison to body length, 

the inflated vocal pouch is relatively smaller in S. hammondi and rela¬ 

tively larger in S. couchi. The inflated pouch of S. multiplicatus agrees 

more closely in relative size with S. hammondi than with S. couchi. 

Table I 

Vocal pouch volume measurements of three species of Scaphiopus. All trials made at 

a pressure of 8.0 cm. H90 unless otherwise indicated in parenthesis. 

Species 
Indiv. 

No. 

Avg. 
Trials 
l&2(cc> 

Trial 
3(cc) 

Trial 
4(cc) 

Snout- 
vent 

length (mm) 

Snout- 
vent/pouch 

vol. 

S. couchi 22 6.2 4.4 (3.4) 54.6 7.8 

S. couchi 4 7.3 57.3 8.8 

S. hammondi 19 2.6 2.5 (7.0) 4.0 44.8 17.2 

S. hammondi 20 4.4 3.9(4.5) 48.8 11.0 

S. multiplicatus 26 4.7 4.6(5.8) 6.5 55.0 11.7 

In most toads (Bufo) there is an initial rise in pressure in the system 

as the mouth cavity is filled and an abrupt pressure drop when the 

vocal sac suddenly expands. This did not occur in S. hammondi, for the 

pouch inflated evenly as the pressure increased. In S. couchi a pressure 

drop occurred at 3.5 cm. of water, and this was followed by a steady 

increase in pressure as the pouch expanded. When this experiment was 

repeated after removal of the gular skin the pressure drop occurred at 

1.7 cm. of water, indicating that gular skin elasticity is in force which 

must be overcome for initial pouch expansion. 

Blair (1955, 1956) was the first to objectively describe the mating 

calls of spadefoots. In the present study a call of each species was 

chosen at random from the collection of recordings and the funda¬ 

mental frequency and amplified frequency bands (Table II and Fig. 

4) and other call characters were determined for each species. Intra¬ 

specific geographic variation in call duration and trill rate has been 

demonstrated (Blair, 1955) but is not considered here since the basic 

call mechanism probably remains the same. Values presented in the 

table and figure apply specifically to populations from the geographic 

localities given below. 

S. hammondi (Pecos County, Tex.)—In this and the next three 

species the trill rate is so low that it does not constitute the fundamental 

frequency of the emitted sound. The second and third columns of 



FIG. 4 

Fig. 4. Comparison of the modulation characteristics of the calls of seven species of 

Scaphiopus. Solid areas indicate amplified frequency brands; barred areas indicate dominant 

frequency bands; other frequency bands are damped. The per cent of amplification of each 

call is shown above. Data computed from a single typical call of each species. 

Table II 

CalJ characteristics of seven species of spadefoots. Fundamental frequencies calcu¬ 

lated by computing the average difference in frequency between successive har¬ 

monics. Data taken from a typical call of each species (columns two and four) and an 

average of three calls of each species (column three). 

Species 

F undamental 
frequency 

Ceps) Trill rate 
Harmonics in 
dominant freq. 

S. hammondi 120 20 12 

S. multiplicatus 100 28 9,10,11 

S. bombifrons 150 51 9 

S. intermontanus 115 91 13,14 

S. couchi 120 126 11, 12,13, 14 

S. holbrooki 170 177 7,8 

S. hurteri 185 153 6, 7, 8, 9,10 

Table II indicate that there is little correlation between trill rate and 

the fundamental frequency of the call in the first four species listed. 

The trills are quite distinct to the human ear. As Pringle (1954) has 

mentioned, when the number of sound pulses per second is low the hu¬ 

man ear registers mainly the trill rate rather than the audible sound 

frequencies. The individual sound pulses are rather quickly dampened 

and this may be caused by the thickened, heavy vocal cords found in 
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this species. One specimen called well in the laboratory and even 

emitted “calls” when the body was forcibly pushed. These calls were 

recorded and anlyzed. Fig. 5 indicates that the trill rate can be varied 

by simply varying the degree of pressure exerted on the body wall. In a 

normal call the trill rate and dominant frequency are usually held 

quite constant. 

Fig. 5. Thrill rate variations in S. hammondi produced with different degrees of force ap¬ 

plied to the body walls. 

S. hombifrons (Lubbock County, Tex.)—The trill rate does not cor¬ 

respond to the fundamental frequency of the call. After an initial rise 

in trill rate, this character and the dominant frequency remain fairly 

constant throughout the call. 

S. intermontanus (Washington County, Utah)—The individual 

trills of this spadefoot call are barely discernible to the human ear, and 

apparently do not correspond to the fundamental frequency of the 

emitted sound. The trill rate reaches a maximum near the middle of 

the call and then decreases rather rapidly. The dominant frequency 

rises continually during call emission. 

S. multiplicatus (Tlaxcala, Mexico)—To the human ear the call of 

this spadefoot sounds much like that of S. hammondi. (However calls 

from another Mexican locality are more similar to S. hombifrons in 

trill rate.) When compared to other species in trill rate and duration 



70 THE TEXAS JOURNAL OF SCIENCE 

the call characters of this form fall between those of S. hammondi and 

S. hombifrons. There is a considerable rise in trill rate near the end of 

the call of S. multiplicatus which is not paralleled by the calls of the 

other species. The dominant frequency of S. multiplicatus rises more 

sharply near the call termination than in any other species. 

S. couchi (Terrell County, Tex.)—In this and succeeding species the 

individual trills cannot be resolved by the human ear. Apparently the 

trill rate is the same as the fundamental frequency of the audible sound 

(Table II). The damping is low and the pulses overlap each other. 

Pringle (1954) has pointed out that if the pulses are not “coherent” 

(i.e., the trill interval does not approximate a whole multiple of the 

duration of one trill note) the sound will comprise a noise to the human 

ear. The trill rate varies enough so that no coherence is possible and 

the call is a groan-like noise. The dominant frequency varies errati¬ 

cally during the call. The release call of one individual S. couchi was 

recorded and analyzed. The great similarity of this sound and the 

mating call of S. bombifrons is illustrated in Fig. 6. This is a significant 

correlation, for it shows that these two species are physiologically capa¬ 

ble of producing the same call type, and that the difference in mating 

calls cannot be a purely morphological one. 

S. hurteri (Walker County, Tex.) and S. holbrooki (Mitchell County 

Fig. 6. Trill rate and duration characteristics of the mating cal! ©f S. bombifrons and the 

mating and release calls of S. couchi. 
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Ga.)—The calls of these spadefoots are very similar. The trill rate is 

about equal to the fundamental frequency of the call. There is a great 

initial rise in trill rate followed by an irregular decrease, and in two 

specimens, a terminal increase. The dominant frequency shows a great 

initial decrease and an irregular subsequent increase in frequency dur¬ 

ing call emission. 

A composite illustration (Fig. 4) compares the amplified frequency 

bands and dominant frequencies of one call of each species. This figure 

indicates that the calls of the subgenus Spea are considerably modu¬ 

lated. The calls of the subgenus Scaphiopus are less modulated and are 

therefore “noisier” to the human ear. 

The results obtained with the physical model are of interest. It was 

found that when air was gently blown through the tubing into the flask 

the extreme edges of the membranes were set into vibration, giving an 

audible humming sound. An increase in the rate of air flow maintained 

the humming sound, and in addition the whole membrane began to 

flap up and down. This latter condition gave an intermittent, pulsed 

hum.Spectograph analysis showed that when the membrane edges 

began to vibrate they produced a sound over the whole frequency 

spectrum (i.e., a noise). This noise was cut into pulses when the funda¬ 

mental vibration frequency of the whole membrane was reached. 

DISCUSSION 

The commonly accepted theory of call production states that there 

is a forward movement of air from the lungs toward the vocal pouch 

during the production of one trill note, and that there is an air flow in 

the reverse direction during the silent interval between trill notes 

(Noble, 1931). This sound production mechanism apparently does not 

occur in the spadefoots. Careful observation of Scaphiopus in the field 

and laboratory indicates that during the time that the call is being 

emitted there is: a) a continual, smooth contraction of the body wall 

muscles, b) a continual expansion of the vocal pouch, and c) a steady 

decrease in the size of the body cavity. All of these observations point 

to the fact that there can be no reverse air flow in the system while the 

call is being produced. 

These observations were substantiated by a simple experiment. An 

individual of S. hammondi was obtained which would call while being 

held in the hand. When the specimen inflated its lungs prior to calling, 

the body walls were forcibly pressed inward artificially, and the air 

was completely forced into the vocal pouch. The “call” thus produced 

was normally trilled. This result indicates that a reverse air flow need 



72 THE TEXAS JOURNAL OF SCIENCE 

not necessarily occur for a trilled characteristic to be present in the 

call, and more important, that there need not be a separate muscular 

contraction for each trill note. 

The production of a single trill note begins (after inflating the lungs 

and closing the nostrils) with the contraction of the body wall muscles, 

compressing the lungs and forcing air from the body cavity in a DC 

(direct current; Fletcher, 1953) stream into the larynx. The larynx is 

effectively blocked by the vocal cords which abut in the center of the 

laryngeal lumen. As the body wall continues to contract, the pressure 

in the system increases. When the proper pressure level is attained, the 

vocal cords will burst apart and begin to vibrate at their natural fre¬ 

quency. This vibration will continue as long as the action of the body 

wall muscles maintains the proper pressure level. The effect of the 

cord vibration is to chop the DC air flow into a series of separate air 

parcels, producing an AC (alternating or periodic current; Fletcher, 

op. cit. ) air stream. 

In the period that the vocal cords burst apart, their thin, curved 

edges are free to vibrate, giving forth eddy currents which are im¬ 

pressed on the rising air parcel. This second AC component is in the 

range of audible frequencies and is the primary source of the sound 

produced. It seems that the vocal cords of the spadefoots act much as 

the membranes of the physical model described above. A single trill 

note is produced, then, by one vibration of the cords as a whole and a 

series of damped oscillations of the vocal cord edges. The latter creates 

a sound source; the former chops this sound into a series of sound 

pulses. 

There is a slight difference between the two subgenera in the above 

mechanism. In the subgenus Spea the procedure is as described, the 

vocal cords as a whole oscillating at an inaudible frequency of less than 

90 cps. (Actually the human ear can respond to 16 cps.. but 80 cps. is 

nearer the usual threshold of audibility.) In the subgenus Scaphiopus 

the whole vocal cord vibrates at a frequency so high (126 cps. or 

higher) that it becomes audible as the fundamental frequency of the 

sound produced. Thus, in the subgenus Scaphiopus the sound comes 

from two sources: the vocal cords proper and the vocal cord edges. In 

the subgenus Spea there is only one sound source—the vocal cord 

edges. This explains the correlation between trill rate and fundamental 

in Scaphiopus, and the lack of such correlation in Spea (Table II). 

When the basic sound and most of its harmonics are emitted as in 

the subgenus Scaphiopus, a relatively unmodified noise results. Gener¬ 

ally there are several harmonics emphasized more than the others 

(Fig. 4), but there is relatively little damping of other harmonics, 
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especially in the lower frequencies. In Spea, the call is much more 

tuned, with both emphasis and complete damping of various harmon¬ 

ics. This gives the call a more musical quality. To the human ear the 

calls of Scaphiopus sound like groans or harsh “meows.” Spea calls 

more nearly resemble the plucking of a rubber band or the teeth of a 

comb. 

Fletcher (1953) has emphasized the important role of the secondary 

vocal structures in their modification of the basic sound produced by 

the vocal cords. He points out that not only the shape and size of these 

structures but also their acoustic properties (sound reflecting, absorb¬ 

ing, and resonating abilities) are important. The great vocal capacity 

in man is due to his ability to move these accessory structures during 

sound emission. In spadefoots many structures could be involved in 

call modulation: a) the cavity in the laryngeal wall anterior to the 

vocal cords, b) the accessory fold on the vocal cords (S. hurteri, S. hol- 

brooki), c) change of larynx shape, d) the edges of the glottis, e) 

mouth lining, f) mouth slits, and g) vocal pouch. Whenever the natu¬ 

ral frequency of one of these structures is approximated by one or 

more of the call harmonics, those harmonics should be amplified. The 

vocal pouch probably thus causes what has been termed the dominant 

frequency. Damping of harmonics would occur whenever a structure 

had the property of absorbing a sound of a particular frequency. 

Various characteristics may fluctuate considerably during the pro¬ 

duction of the call. It was shown experimentally that trill rate can be 

varied by varying the rate of air flow with the body wall musculature. 

The degree of muscular tension of the vocal cords might be varied by 

the spadefoot to change their natural frequency and thus modify the 

trill rate. Theoretically the greater the tension the higher would be the 

resulting trill rate. It is probable that this is a very common phenome - 

non and that much of the trill rate variation occurring during call 

emission is caused by the movements and varying tensions of the vocal 

cords. The dominant frequency and other harmonics may vary in their 

degree of amplification or damping as the accessory structures are 

moved; especially at the beginning of the call when the vocal pouch 

is in the process of greatest expansion and other structures are assum¬ 

ing their “normal call positions” (mouth slits becoming more circular, 

etc.). During the experimental inflation of the S. rrmltiplicatus pouch 

it was noted that the two pouch compartments expanded at different 

rates, and this could cause amplification variations. Thus resonance 

glide (a shift in the harmonics which are being amplified) is to be ex¬ 

pected. In these anurans there is probably no voluntary modulation of 

the basic sound. There is a modulation during the call caused by 
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changes associated with the muscular efforts in forcing the DC stream 

forward, and resonance glide presumably results incidental to the ani¬ 

mal’s efforts to produce any sound at all. It is probable that call dura¬ 

tion in the spadefoots is to some degree limited by the elacticity of the 

gular skin and the amount of force the body wall can exert to stretch 

the skin. In the present theory of call production, once the pouch 

reaches its limit of expansion the call must cease. 

Individual variation in amplification and damping characteristics 

might be caused by the morphological variation in mouth slits. Colby 

(1934) mentions that the natural frequency of a Helmholtz resonator 

with no neck varies directly as the square root of the diameter of the 

aperture. The spadefoot pouch is not directly comparable to a Helm¬ 

holtz resonator, but it is probable that a decrease in mouth slit diameter 

would cause a decrease in the natural frequency of the pouch. Theo¬ 

retically the smaller volume of one pouch compartment in Spea should 

give a higher natural frequency than the larger volume of the undi¬ 

vided pouch in Scaphiopus. The two compartments are, however, so 

closely coupled mechanically that the natural frequency of the pouch 

would probably be difficult to determine from simple volume measure¬ 

ments. The dominant frequency bands of Spea do begin about 100 cps. 

higher than those of Scaphiopus, as would be expected if the volume 

differences functioned as mentioned above. 

Although the dominant frequency is probably a result of vocal pouch 

resonance, simple pouch volume changes cannot account for variation 

in the dominant frequency during the call. Thus in the calls of S. 

hurteri and S. holhrooki the dominant is initially high while the pouch 

volume is small; the dominant then drops, but later begins to rise again 

when the pouch volume is greater. Clearly, other acoustic characters of 

the pouch or of some other secondary vocal structure are also affecting 

the expression of the dominant frequency. 

Interspecific call difference between S. couchi and S. bombifrons 

seems to rest largely in the nervous and muscular control of the vocal 

structures and not in morphological differences. General lack of signi¬ 

ficant morphological differences in the primary vocal structures sug¬ 

gests that this is true for the other species of the genus. 

Most workers have noted the positive correlation of trill rate and 

temperature. Beilis (1957) suggested that this correlation is a van’t 

Hoff phenomenon. Trill rate is dependent upon muscular activity, and 

in the poikilothermic anurans slight temperature variations could 

cause a variation in vocal cord tension and body wall movements. A 

relaxing or thickening of the vocal cords is suggested by the lowered 

pitch of many anuran calls at low temperatures. It is not known 



VOCAL STRUCTURES IN THE GENUS SCAPHIOPUS 75 

whether the call duration in Scaphiopus increases as temperature de¬ 

creases as was demonstrated by Beilis (op. cit.) for other anurans. 

Immediately upon terminating its call the spadefoot allows most of 

the air in the vocal sac to return to the body cavity. However, the 

nostrils are opened during the intercall period and some air exchange 

may occur. This reverse air flow is probably caused by a simultaneous 

relaxing of the body wall muscles, the elasticity of the gular skin, and 

a contraction of the subhyoid muscle. 

Inger and Greenberg (1956) suggest that the ancestral vocal sac 

may have been a paired structure. Liu (1935) partly based his argu¬ 

ment that an unpaired sac was more primitive on the fact that all 

pelobatids examined by him had an unpaired vocal pouch. It is now 

known that the spadefoots of the subgenus Spea have a paired sac, and 

that species of the subgenus Scaphiopus have remnants of a median 

membrane (S. couchi excepted, which has a groove on the lower mar¬ 

gin of the inflated pouch). Since the family in general is considered 

primitive, this perhaps indicates that the ancestral vocal pouch was a 

paired structure rather than a single one, as suggested by Liu. 

SUMMARY 

The main objective of this investigation was to determine how the 

vocal structures of spadefoot toads (Scaphiopus) function in call pro¬ 

duction. Morphological descriptions are deliberately limited and used 

only as an aid in elucidating the primary problem. The mating calls 

of the several species are described. 

An apparatus was designed to measure both pressure and volume in 

the inflated vocal pouch. A sound spectrograph and cathode ray oscillo¬ 

scope were used to analyze spadefoot calls. A physical model was 

utilized to demonstrate the probable method of sound production by 

the vocal cords. Several acoustic terms related to the subject matter are 

defined. 

The structure of a typical Scaphiopus larynx is described. The 

larynxes of the several species differed significantly in only two char¬ 

acters: the shape of the depression in the laryngeal wall and the bulki¬ 

ness of the vocal cords. The vocal pouch structure and the slits in the 

mouth floor are described. It was found that members of the subgenus 

Spea possess a pouch internally divided medially by a membrane. 

Members of the other subgenus have either remnants of a membrane 

or none at all. There is little gular skin and subhyoid muscle modifica¬ 

tion in the genus, except in S. intermontanus. From artificial pouch 

inflation tests it was concluded that the elasticity of the gular skin 

limits both initial pouch inflation and final pouch volume. 
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The trill rate in the subgenus Spea apparently does not correspond 

to the fundamental frequency of the sound produced. In the subgenus 

Scaphiopus trill rate is probably the same as the audible fundamental 

frequency. It was demonstrated that call differences between S. couchi 

and S. bombifrons are not purely morphological, but are to some ex¬ 

tent physiological. 

A theory of how a mating call is produced, and the function of the 

vocal cords and accessory structures during sound emission is pre¬ 

sented. This theory is founded on the observed facts that during call 

production there is: a) a continuous, steady body wall contraction, b) 

a continual pouch expansion, and c) a steady decrease in body cavity 

size. The importance of the secondary vocal structures in sound modu¬ 

lation is mentioned. Some morphological, physiological, and environ¬ 

mental causes of call variability are discussed. An investigation of 

pouch structure in this genus supports the theory that ancestral anu- 

rans possessed a paired vocal pouch. 
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A New Frog of the Genus Tomodactylus 

From Michoacan, Mexico 

by WILLIAM E. DUELLMAN1 and JAMES RAY DIXON 

Wayne State University, Detroit, Michigan 

and A. and M. College of Texas 

During the past few years the authors have independently carried 

on field work in western Mexico. In the course of this field work we 

have collected several hundred frogs of the genus Tomodactylus and 

have seen alive all of the recognized species. The genus has been 

reviewed in detail by Dixon (1957). In the summer of 1958, the 

senior author discovered a strikingly different population of this genus 

in the Sierra de Coalcoman in southern Michoacan. The junior author 

has confirmed the distinctiveness of the population. In allusion to an 

apparently characteristic reddish dorsal color we propose that the 

species be known as 

Tomodactylus rufescens sp. nov. 

Holotype. Adult male, number 118509, University of Michigan 

Museum of Zoology (UMMZ), one of a series collected June 17, 1958, 

at Dos Aguas, Michoacan, Mexico, 6900 feet, by William E. Duellman, 

Jerome B. Tulecke, and John Wellman (Field number, WED 12430). 

Paratypes. Six males, UMMZ 118503-118508, collected at the 

type locality. 

Diagnosis. A small member of the Tomodactylus dilatus group 

with the tips of the outer two fingers conspicuously expanded and 

truncate; differing from dilatus in being noticeably smaller, and in 

having a proportionately larger foot, smaller eye, and larger tym¬ 

panum; differing from albolabris in having a more robust body, a 

proportionately smaller tympanum, and in lacking a white lip stripe; 

and differing from all known species in the genus in having a reddish 

dorsal ground color in life with a narrow cream middorsal line and 

red flash colors on the thighs and groin. 

1 Contribution No. 30 from the Department of Biology, Wayne State University, 

Detroit 2, Michigan. Acknowledgment is due to the Graduate School of Wayne State 

University for support of the field work and to Jerome B. Tulecke and John Wellman 

for their assistance in the field. 
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Fig. 1. An adult male Tomodactylus rufescens (now UMMZ 1 18506) from Dos Aguas, 

Micfroacan, Mexico. 

Description of the Holotype. Snout-vent length, 23.2 mm.; tibia, 

10.3 mm. (44 per cent of snout-vent length); foot, 9.3 mm. (40 per 

cent of snout-vent length); width of head, 8.0 mm.; length of head, 

7.8 mm.; interorbital distance, 3.0 mm.; width of eyelid, 2.0 mm. (67 

per cent of interorbital distance); internarial distance, 2.3 mm.; 

greatest diameter of eye, 2.7 mm.; greatest diameter of tympanum, 

1.2 mm. (44 per cent of diameter of eye); distance from eye to nos¬ 

tril, 2.0 mm. Head about as wide as body; snout acutely rounded; 

canthus rostralis angular; loreal region concave. Tympanum higher 

than long, rather indistinct, poorly differentiated posteriorly, and 

separated from the eye by a distance slightly greater than the greatest 

diameter of the tympanum. Tongue pyriform, shallowly notched 

posteriorly, and free for half its length; inner nares small, triangular, 

and situated laterally; openings into vocal sac in the form of paired 

slits along the inner edge of the posterior half of the jaw rami. Hands 

and feet without webbing; tips of toes expanded; subarticular tubercles 

conical; inner metatarsal tubercle three times larger than outer; no 

tarsal fold. Hands small; tips of two outer fingers conspicuously wid¬ 

ened and truncate, about one and three-fourths wider than narrowest 
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part of digit; three palmar tubercles, median one largest. Length of 

fingers from stortest to longest 1-2-4-3; toes 1-2-5-3-4. When hind 

limbs are folded at right angles to the vent, heels overlap considerably; 

when hind limb bent forward along the body, tibiostarsal articulation 

reaches to middle of eye. Skin of dorsum moderately pustulate, more 

so on flanks; median posterior surfaces of thighs (in anal region) 

heavily pustulate; venter moderately granulate; parotoid diffuse and 

indistinct; inguinal gland small (3.2 mm. in length) and situated low 

in groin. 

Dorsal color (in preservative) light tan with indistinct brown 

blotches on head and in scapular region; flanks yellowish tan; belly 

dusty cream. Upper eyelids dark brown; a dark brown stripe from 

tip of snout enclosing nostril, passing through eye and over tympanum, 

and curving downward to insertion of forelimb. Upper arm uniform 

pale orange-tan; forearm tan with two narrow dark brown trans¬ 

verse bands. Thigh orange-tan with two narrow, indistinct brown 

transverse bands; shank and tarsus tan with three brown transverse 

bands on shank and two on tarsus. A faint trace of a middorsal light 

line; a small black patch on either side of anus; inguinal gland pale 

orange. 

In life the specimen had an almost uniform rusty red dorsum with 

irregular, indistinct reddish brown blotches; flanks and thighs tomato 

red. A narrow, rather indistinct, cream middorsal line extended from 

the occipital region to the vent. An indistinct, broad, interorbital, 

light bar was present. The belly was grayish white with silvery white 

flecks; the vocal sac was a darker gray than the belly. The iris was pale 

golden. 

Vaviation. The ranges of variation (with means in parentheses) 

for the seven males comprising the type series are: snout-vent length, 

21.0-23.2 mm. (22.4); tibia length, 9.0-10.3 mm. (9.7); foot length, 

8.6-9.6 mm. (9.1); head length, 7.4-8.0 mm. (7.8); head width, 7.9- 

8.5 mm. (8.2); diameter of eye, 2.5-2.7 mm. (2.6); diameter of tym¬ 

panum, 1.0-1.2 mm. (1.1). In two specimens the tympanum is indis¬ 

tinct, whereas in four the posterior edge is hidden, and in one the 

tympanum is barely discernable. The inguinal gland is distinct in all 

specimens. In the characteristics of the hands and feet the paratypes 

show no significant deviation from the condition described for the 

holotype. The dorsal color pattern of all, except UMMZ 118506, is | 

darker than that described for the holotype; the exception has a 

slightly darker middorsal area, a more distinct middorsal light line, 

but with flanks somewhat lighter than those of the holotype. Some 

form of a light middorsal line is evident in all of the paratypes. In all 
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the upper arm is uniform in color and lighter than the forearm. 

Either two or three transverse bands are present on the forearm, thigh, 

shank, and tarsus of each, except UMMZ 118507, which has a dark 

brown forearm, shank, and tarsus, and a reddish brown thigh. The 

color of the vocal sac varies from gray to black. In all specimens there 

is a light interobital bar; with the exception of UMMZ 118507 and 

118508 (the darkest individuals), there is a more or less distinct dark 

stripe from the snout through the eye and over the tympanum. 

Although considerable variation in the color of the living animals 

was evident, all presented a reddish appearance. In UMMZ 118503 

and 118504 the flash color of the thighs and flanks was deep orange 

yellow; in the others it was tomato red. The dorsal color of UMMZ 

118503 and 118504 was light brown with yellowish mottling; UMMZ 

118505 was olive brown with orange-yellow mottling; UMMZ 118506 

was light brown with light tomato red mottling; UMMZ 118507 and 

118508 were dark brown with tomato red mottling. The ventral sur¬ 

faces of all were grayish white with silvery white flecks; uniformly 

the iris was pale golden yellow. 

A juvenile (UMMZ 118510 from Dos Aguas), not designated as 

a paratype, has a snout-vent length of 14.5 mm. In life the dorsum was 

dark grayish brown; the thighs and upper arms were yellowish tan; 

the venter was dark gray with white flecks. 

Comparisons. Tomodactylus rufescens differs from all other known 

species in the genus in having extensive reddish coloration, a condition 

found only in the thigh color of albolabris and rarely in the dorsal 

coloration of angustidigitorum. On the basis of the expanded and 

truncate fingers rufescens appears to be related to dilatus, a species 

placed in a separate group by Dixon (1957), but apparently close 

to albolabris. Aside from coloration, rufescens differs from dilatus and 

albolabris in certain measurements and proportions (Table I). 

Table I 

Comparison of size and proportions in three species of Tomodactylus 

(All are males; means are given in parentheses below the ranges) 

Snout-vent 
length 

Tibia length Foot length 
Diameter of Eye 

Diameter 
of tympanum Species N Snout-vent length Snout-vent length 

albolabris 42 21.4-25.7 0.35-0.45 0.34-0.43 0.37-0.56 

(22.8) (0.41) (0.38) (0.46) 

dilatus 28 23.2-28.8 0.37-0.47 0.35-0.47 0.30-0.50 

(25.4) (0.42) (0.41) (0.38) 

rufescens 7 21.0-23.2 0.38-0.43 0.42-0.44 0.40-0.46 

(22.4) (0.41) (0.43) (0.42) 
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Habits. The type series is from an elevation of 6900 feet in pine-oak 

forest presenting a cloud forest appearance. Many of the trees in the 

vicinity of Dos Aguas were heavily laden wtih bromeliads, a possible 

daytime and dry season retreat for these frogs. During our stay in 

Dos Aguas (June 16-19, 1958) heavy rains fell each afternoon and 

early evening. At dusk Tomodactylus began calling. Usually the call 

is a single peep, but sometimes it is trebled into a triple note. As is 

usual for members of this genus, individual males were widely spaced 

and called sporadically; sometimes five or ten minutes passed be¬ 

tween calls of a given individual. Singing males were found most 

frequently on low bushes (Baccharis conferta); one was on the trunk 

of a giant fallen pine, and another was perched near the top of a pine 

sapling. 

Remarks. Dos Aguas lies about 15 miles airline WNW of Agiulilla 

on the eastern slopes of Cerro de Barolosa, apparently the highest ridge 

in the Sierra de Coalcoman. This mountain mass is separated from the 

Sierra Madre Occidental of central Michoacan by the low arid Tepal- 

catepec Valley, from the Sierra del Sur of Guerrero by the arid Balsas 

Valley, and from the highlands of Colima and Jalisco by the Rio Coa- 

huayana and its tributaries which form a low basin between the high¬ 

lands. 

If our assumption of the relationships of rufescens is correct, that is, 

that it is most closely related to dilatus, then the nearest relative lives 

in humid pine-oak forests in the Sierra del Sur in Guerrero, a mountain 

mass isolated from the Sierra de Coalcoman. The only other species 

sharing characteristics with rufescens and dilatus is albolabris, which 

is known only from the lower pine-oak zone (2700 to 4000 feet) in the 

Sierra del Sur. From all geological and biological evidence the Balsas 

depression separating the Sierra del Sur and the Sierra de Coalcoman 

probably has presented a barrier to dispersal of highland forms for a 

long period of time. There is no doubt that dilatus and rufescens are 

absolutely isolated from one another at the present time. It is because 

of this fact, together with the magnitude of morphological differences 

between the two populations that we have treated rufescens as a distinct 

species. 
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Stomach Contents of Some Aquatic Snakes From 

Lake McAlester, Pittsburgh County, Oklahoma 

by HAROLD E. LAUGHLIN 

The University of Texas 

Thirty-seven aquatic snakes were obtained on May 20, 1956 at Lake 

McAlester, Pittsburgh County, Oklahoma during a snake eradication 

program. I preserved the specimens as they were brought in from the 

hunt, which was made by members of the Pittsburgh County Sports¬ 

men’s Association. The hours of the hunt were from 1:00 to 5:00 p.m. 

Thus, as much as four hours may have elapsed between the time a 

snake was killed and the time it was preserved. The total catch was 

smaller than had been hoped for, but enough material was obtained to 

be of some interest. A total of 37 snakes of six species was examined: 

23 Natrix taxispilota, 4 N. erythrogaster, 4 N. sipedon, 3 N. grahami, 

1 Thamnophis sauritus, and 2 Ancistrodon piscivorus. Eighteen of these 

had empty stomachs, eighteen contained identifiable food material, and 

one contained unidentifiable material only. 

The stomachs of nine of the 23 Natrix taxispilota contained food. 

One stomach contained five specimens of the golden shiner, Notemi- 

gonus crysoleucas, which had a total volume of 22.0 ml. One contained 

four specimens of the spotted sunfish, Lepomis punctatus, with a total 

volume of 58.0 ml. One contained a black bullhead, Ictalurus melas, 

12.5 ml., and two contained remains identifiable only as Ictalurus sp., 

with a total volume of 4.5 ml. Four contained remains identifiable only 

as teleost fish, with a total volume of 12.5 ml. Two of the four Natrix 

erythrogaster contained items of food. One individual contained a 

Lepomis punctatus with a volume of 11.0 ml., and another contained a 

bullfrog, Rana catesbeiana, with a volume of 8.0 ml. Of the four Natrix 

sipedon examined, two were empty, one contained a Lepomis punc¬ 

tatus with a volume of 4.5 ml., and one contained a small mass of 

unidentifiable material. 

Each of the Natrix grahami contained crayfish. Two of the three 

snakes were very young individuals, and each contained a small cray¬ 

fish of 1 ml. volume. The other, an adult female, contained two cray¬ 

fish totalling 2.5 ml. This is in agreement with other studies of the 
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food habits of this species, which appears to feed almost entirely upon 

crayfish. 

At least 64 toads of unidentified species, all in stages of metamor¬ 

phosis, were found in the stomach of the single Thamnophis sauritus 

examined. Apparently this snake had happened upon an aggregation 

of these amphibians and had feasted upon this plentiful supply of 

easily obtained food. 

One of the Ancistrodon piscivorus examined contained the following 

items: 18 contour feathers of a duck, probably a teal; one juvenile 

cooter turtle, Pseudemys florilana; and a large mass of odd-looking un¬ 

identifiable material. The turtle had a volume of 17.0 ml. The other 

cottonmouth contained one juvenile pond turtle, Pseudemys script a, 

with a volume of 3.0 ml. Cottonmouths are known to be quite omnivo¬ 

rous, and the presence of bird and turtle remains is not surprising. 

Statistical handling of these data is hardly applicable since the sam¬ 

ple obtained is so small. I should like to note a few things, however, 

and to comment upon the advisability of a predator eradication pro¬ 

gram such as that which provided this material. The occurrence of 

Lepomis punctatus in all three of the fish-eating Natrix does indicate 

that this fish is a major item of food for these snakes. The spotted sun- 

fish is plentiful and inhabits masses of aquatic vegetation in which a 

snake might find it easy to lie concealed and wait for a fish to swim 

within reach. This fish never attains a very large size and is not usu¬ 

ally considered either a sport fish or a food fish. On the other hand, it 

may be in potential or actual competition with other fish species which 

are sought by fishermen. If so, its control by water snakes is possibly 

to be desired. 

The other two kinds of fish identified, both from Natrix taxispilota, 

are found in abundance in suitable situations in eastern Oklahoma, 

and might be expected to be found in the diet of any fish-eating preda¬ 

tor from this area. Shiners are used extensively as bait minnows by 

fishermen, and catfish are caught both for sport and food. However, 

since both of these fish occur so abundantly, it is doubtful that preda¬ 

tion by water snakes constitutes any serious threat to their availability 

to the fisherman. 

It is difficult to assay the ‘Value” of a particular organism in its re¬ 

lation to man. The complexity of the “balance of nature” is well 

known to biologists, but little understood by most laymen. Undesirable 

consequences usually result from an upset of this balance. Complete 

elimination of fish predators such as snakes from a natural community 

would probably result in overpopulation by the fish, which in turn 

would lead to stunting of growth. Furthermore, if the snakes were 
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preying upon “non-desirable” species (e.g. Lepomis punctatus in this 

case) more than “desirable” species, the former might—through com¬ 

petition—tend to reduce the numbers of the latter. Also, since water 

snakes feed upon other animals in addition to fish, their eradication 

might have effects upon other facets of the ecology of the area, which 

might or might not concern man. 

Thus it may be seen that the presence of water snakes may in cer¬ 

tain cases be beneficial to the sportsmen rather than detrimental. A 

complete investigation of the interrelationships between all of the 

species involved seems warranted before conclusions are drawn, and 

before such a wholesale eradication program is executed. 

I wish to thank Dr. W. Frank Blair and Dr. Clark Hubbs for their 

suggestions in the preparation of this paper. I am also indebted to Dr. 

Hubbs for aid in identifying the fish examined, and to Dr. R. K. Selan- 

der for aid in identifying the duck feathers. I also wish to thank Dr. 

Walter D. Johnson and the members of the Pittsburgh County Sports¬ 

men’s Association for providing me with the materials used in this 

study. 



Mating Call Discrimination by Females of Strecker’s 

Chorus Frog (Pseudacris streckeri). 

by MURRAY J. LITTLEJOHN and TED C. MICHAUD 

The University of Texas 

Blair (1958) has suggested that with few exceptions the principal 

function of the mating call of anurans is attracting a mate. Hence, 

differences in calls of sympatric species probably operate as important 

isolating mechanisms. His suggestions, however, were based only on 

extensive circumstantial and observational evidence. By use of tape 

recorded sounds, Martof and Thompson (1958) established experi¬ 

mentally that the male call of Pseudacris nigrita is highly effective in 

attracting ripe females of the same species. They did not, however, test 

the discriminating ability of the females when offered calls of their 

own and another congeneric sympatric species. Walker (1957) work¬ 

ing with field crickets demonstrated experimentally that females were 

attracted to the songs of their own species but not to those of other 

sympatric species. 

The experiments reported here were designed to test the discriminat¬ 

ing ability of ripe females of Pseudacris streckeri offered recorded calls 

of males of their own species and those of a sympatric species, P. 

clarki, which is often found breeding simultaneously in the same 

ponds. From the results of such tests it was hoped that some evaluation 

of the effectiveness of differences in male call in the maintenance of 

reproductive isolation nught be made. 

APPARATUS 

The main component, based on the design of Martof and Thompson 

(1958), was a 24 gauge galvanized iron tank 7'11" X 2'6" with sides 

6" high, and with a double layered canvas extension to 2'1" above the 

base of the tank to aid in retaining the frogs and to reduce the produc¬ 

tion of echoes. The tank was filled with water to a depth of about 2", 

and several small stones and clumps of grass added. Two 2.5" per¬ 

manent magnet type dynamic loudspeakers were then installed, one 

at each end of the tank in a central position about 6" from the end, 

and just out of the water. Each speaker was connected to a different 
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PT6AH Magnecorder tape recorder on which loops of magnetic tape 

bearing representative recordings were played. The whole apparatus 

was installed in a constant temperature room at 19.5 ± 2.0°C. and 

tape recordings made in the field at water temperatures within 2.0°C. 

of the mean room temperature were selected for use in the trials. The 

loops of tape were of such a length that the call repetition was regular 

and closely approximated the natural rate. Observations were made 

by means of two 15 watt red lamps, one at each end of the tank and 

about 1 '6" above the water. 

P. streckeri females used in the experiments were all collected while 

in amplexus and tested on the same evening in most cases, or refrig¬ 

erated at 5.5°C. and used the next evening. 

RESULTS 

The results are best considered under two headings: the preliminary 

tests on the first two nights, and the later trials in which detailed ob¬ 

servations were made. A total of 13 amplexed females were used in the 

experiments: 3 collected on February 4th., and 5 on February 7th. in 

Lee County, Texas; and 5 collected on February 7th. in Travis County, 

Texas. Of the 13, 4 showed no response to calls, even after prolonged 

exposure to them. The frogs were generally allowed about 30 minutes 

in the tank, with the calls being played, in order to become used to the 

artificial conditions, before discrimination trials were made. 

1. Preliminary Experiments 

Three females collected in Lee County were placed in the tank im¬ 

mediately upon returning to the laboratory with recorded calls of P. 

clarki and P. streckeri being played from the positioned speakers at 

each end, and allowed 30 minutes to become used to the conditions. 

After another 30 minutes all three were at the P. streckeri speaker 

end, crawling over and circling around the speaker. Their general pat¬ 

tern of reaction may be summarized thus: females become attentive 

to the sound of their own species, move in slowly towards the source, 

pause and orient, move another foot or so, pause, reorient, move again, 

until within about 4-10" of the P. streckeri speaker. The females may 

then—one, circle the speaker at a radius of 4-10"; two, sit about 2" 

from the speaker looking at it; three, jump at the speaker making a 

transient contact with it then pass on for 6-8"; four, actually sit on 

or climb over the speaker. Often, after some minutes of active search¬ 

ing, around the P. streckeri speaker, probably in search of the male, 

a female would swim to within 1-2' of the P. clarki speaker, pause, 
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appear to listen, then turn away and move directly back to the P. 

streckeri speaker, usually contacting the speaker again. 

The loops of tape were then exchanged so that the females now 

found themselves near the call of P. clarki. Within 10 minutes all 

three females were at the P. streckeri end of the tank. One, however, 

subsequently returned to the P. clarki speaker and sat on it for at least 

one minute before moving away. At the same time the two other fe¬ 

males came within 2" of the P. streckeri speaker, facing the sound. 

Then one crawled under the other and they assumed a position of arn- 

plexus which persisted for two minutes before they separated. Similar 

amplexes were observed on two other occasions during this run. The 

tests were discontinued then after 90 minutes of observation. One of 

these frogs was tested on the following evening after refrigeration and 

showed positive response to the calls of P. streckeri traveling 3'6" from 

the center of the tank to contact the P. streckeri speaker in less than 

25 seconds. 

On the first night, all three frogs were also offered the calls of P. 

triseriata (which is sympatric with P. streckeri in eastern Texas), 

along with those of their own species. Here also they showed positive 

response only to the P. streckeri calls. 

2. Detailed tests 

During these experiments all activity was carefully recorded and 

timed. The term contact with a speaker is used to describe any of the 

four situations listed in the description of the general pattern given 

in the first section of the results. Only one contact was scored for a 

sequence involving orientation which could include two or more of 

the above conditions. However, if a frog stopped circling and moved 

away, then returned again, or if one moved away 6" or more after 

fulfilling any of conditions 2 to 4 and returned again, then subsequent 

contacts were also' scored. 

Five females collected in Travis County on February 7th. were 

placed in the tank on the night of capture with calls of P. clarki and 

P. streckeri being played from opposite ends and allowed 30 minutes 

to become settled. During this period four contacts with the P. clarki 

speaker and thirteen with the P. streckeri speaker were made. Details 

of these are included in Table I. Experimental runs were then arranged 

using the calls of P. streckeri and P. clarki at the ends. Frogs were re¬ 

leased at the center of the tank, then timing and recording of their ac¬ 

tions commenced. When they had contacted a speaker, the connections 

were changed so that the calls now came from opposite ends. Such 
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exchanges of the calls were sometimes made several times during a 

run, and each interval between exchanges was referred to as a trial. 

Two runs were made using two different frogs in each, with three 

exchanges of the calls in the first run and one in the second. Then each 

frog used in the first run was tested separately with three reversals for 

the first frog and two for the second. The fifth frog showed no response 

whatsoever. Thus there was a total of 19 trials, with 6 over half the 

length of the tank, and the remainder over the whole length. In one 

trial there was no response, but the remainder all resulted in contacts 

only with the P. streckeri speaker. Times to contact with the speaker 

from the central release point (a distance of about 3'6") ranged from 

2.00-10.00 minutes with a mean of 3.98 minutes. At the exchange of 

calls movement was more rapid, ranging from 0.83-3.83 minutes with 

a mean of 2.33 minutes for about 7' of movement. In addition there 

were 13 contacts after the initial one had been made during a trial. 

Details of the contacts are included in Table I. 

On the following evening 5 females collected in Lee County on Feb. 

7th and kept under refrigeration were placed in the tank and allowed 

30 minutes to become active with the calls of P. streckeri and P. clarki 

being played throughout the period. All orientation was towards the 

P. streckeri speaker with two contacts being made by two of the frogs. 

The other three, appearing unresponsive to the sounds, were removed 

from the tank and not used in subsequent trials. While the two active 

females were at the P. streckeri speaker the calls were exchanged and 

detailed observation commenced. After both had contacted the P. 

streckeri speaker calls were changed once more. On this occasion one 

moved directly to the P. streckeri speaker, but the other showed no 

reaction. The experiment was then discontinued. In these three trials 

the time taken to travel the full length between the speakers ranged 

from 0.50-1.33 minutes with a mean of 0.95 minutes. 

Two females from Travis County, used in trials on the previous 

night were still reactive after refrigeration so they were again tested. 

After both were released at the center, one contacted the P. streckeri in 

3.00 minutes, and the other showed no response at all after stopping 

1'6" from the P. clarki speaker. When the calls were reversed this frog 

contacted the P. streckeri speaker from about 1'6" away after 2.17 

minutes, but the other frog which had previously been active did not 

move. After another call change the inactive frog of the last trial 

moved about one foot to contact the P. streckeri speaker after about 

1.50 minutes. The other female which was 2" from the P. streckeri 

speaker when the calls were changed moved this distance, contacted 

the speaker from which P. clarki calls were now emanating, and moved 
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away directly to within 1 '6" of the P. streckeri speaker contacting it 

after 2.50 minutes. Trials were then discontinued. In addition to the 

actions discussed above, 7 other contacts were made on the P. streckeri 

speaker. 

On this evening the four females made a total of 13 contacts on the 

P. streckeri speaker (including 2 during the adaptation period), and 

one with the P. clarki speaker. These results are also included in 

Table I. 

Table I 

Summary of contacts made by six Pseudacris streckeri females during detailed 

experiments 

Contacts 
Experimental 

conditions 1 
Type of contact (see text for explanation) 

2 3 4 Totals 

P. streckeri 

speaker 

Adaptation 

period 6 0 3 6 15 

Trials 2 6 4 34 46 

P. clarki 

speaker 

Adaptation 

period 0 3 0 1 4 

Trials 0 1 0 0 1 

DISCUSSION 

Consideration of the results from both the preliminary and detailed 

tests indicates that P. streckeri females differentiate recorded calls of 

males of their own species from those of P. clarki. They can also ac¬ 

curately locate and subsequently contact the source of the P. streckeri 

calls solely on the basis of auditory cues. Since the females often moved 

directly to the speaker from a distance of 6-7', the ability to localize 

sounds appears to be well developed. 

At the quantitative level 66 contacts with speakers were recorded 

during the detailed trials, only 5 of which were with the P. clarki 

speaker. Of the latter, 4 appeared during the adaptation period. Since 

it took some time for the frogs to become accustomed to the experi¬ 

mental conditions, little importance should be placed on these results. 

The only contact of a female with the P. clarki speaker during detailed 

trials was transient in nature. This frog continued on to contact the 

P. streckeri speaker. 

The situations involving persistent contact and stationary orienta¬ 

tion towards the speaker at a distance of 2" are the most positive re¬ 

sponses. In all 38 of the 46 contacts with the P. streckeri speaker dur¬ 

ing the trials were of this nature. Only once during the preliminary 
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tests, and once during the adaptation periods of the detailed trials 

were such contacts observed with the P. clarki speaker. Circling and 

transient contact could possibly result from random movement, but 

the definite nature of the other types of contacts along with the pre¬ 

ceding behavior of the females are strongly indicative of active orien¬ 

tation to the calls. 

Similar reactions were indicated when females were offered re¬ 

corded calls of their own species and those of a sympatric congenor, 

P. triseriata, with the females moving actively to the calls of their own 

species and showing no positive response to those of the other. 

It is therefore concluded that P. streckeri females are attracted to 

males of the same species by the specific nature of the mating call, and 

that the distinctiveness of the call and the effective discrimination by 

the females, even when simultaneously offered calls of related sym¬ 

patric species, together operate as important components of the pre¬ 

mating isolating mechanism complex of this species. 

As can be seen in Table II calls of P. streckeri and P. clarki differed 

Table II 

Physical characteristics of calls of P. clarki and P. streckeri used for the discrimina¬ 

tion tests (obtained by Sound Spectograph analysis) 

Species Location 
Air 

temp. 
Water 
temp. 

Duration 
in secs. 

Dominant 
frequency 
in c.p.s. 

Trill rate 
in trills 
per sec. 

P. clarki Welder Refuge, 

San Patricio 

Co., Texas 18°C. 21 °C. 0.20 2850 75 

P. streckeri 6 mi. S.S.E. 5f 

Luling, Caldwell 

Co., Texas 19°C. 21.3°C. 0.04 2200 not 

trilled 

strikingly in the three characteristics measured, particularly in call 

duration and in that one (P. clarki) was trilled while the other was 

not. It cannot be said at present whether successful discrimination 

depends on any one or a combination of these factors. 

SUMMARY 

Pseudacris streckeri females collected while in amplexus were 

tested for their ability to discriminate between recorded calls of the 

males of their own species and those of a sympatric congenor P. clarki, 

when offered at the same time. It was clearly evident from the results 
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of such tests that the females readily resolved the call of their own 

species and moved directly towards it, generally contacting the instru¬ 

ment from which the sounds came. 

There are also indications that the specificity of response is main¬ 

tained when calls of another sympatric congenor, P. triserata, are 

offered with those of P. streckeri. 

From the clearly positive nature of their reaction, it is concluded 

that the highly specific response of the P. streckeri females to the dis¬ 

tinct call of the P. streckeri male constitutes an important component 

in the complex of premating isolating mechanisms which operate to 

maintain the reproductive efficiency of this species. 
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The Birds of Galveston Island 

by C. E. HALL, JOHN E. HILDEBRAND, ROBERT T. 

BINHAMMER and O. HALL 

Galveston, Texas 

The Texas Gulf Coast is favored with an exceptionally rich avi- 

fuana, in which Galveston Island shares. The island is essentially an 

elongated sand spit of about 28 miles in length, varying from a few 

hundred yards to about a mile and a half in width, at longitude 94° 

47'-95° 07' and latitude 29° 20'-29° 05' and situated in the Gulf of 

Mexico and separated from the mainland of Texas by an arm of the 

sea. For many of the migratory birds which winter to the south, it is 

the first land encountered after their sea passage northward, and in 

turn it is the winter home of many birds which breed in the Northern 

United States and Canada. The number of species of birds resident on 

Galveston Island in the winter, exceeds that observed in the summer. 

Ecologically it offers a variety of habitat. The expanse of sea-beach, 

sand dunes, and bay shores is extensive; offering to waders, shore 

birds, ducks, and their allies an ideal habitat. Open savannah prairie 

and marshland is well represented, and birds who find such areas con¬ 

genial are abundant. Several small wooded areas consisting of live oak, 

palm, salt water cedar and thorny ash are scattered along the ridges of 

the island. The Gulf proper provides attraction for such species as the 

gulls, terns, skimmers and cormorants and pelicans. The most striking 

limitation is the lack of large wooded tracts and hence birds that re¬ 

quire such, constitute those whose stay in this area is of a transitory 

nature as they travel between acceptable habitats to the mainland on 

the northern migration or to Mexico on the southern migration. 

Some ten years ago two of us (C. E. H. and O. H.) first came to 

Galveston from Canada. The majority of the indigenous and many of 

the migratory birds were new to us. The challenge which was thus 

presented was unavoidable. Examination of the Public Library ar¬ 

chives revealed that a bird list had been compiled in the latter part of 

the last century comprising 66 species. This was clearly unsatisfactory, 

even apart from the inclusion of such unlikely species as the ivory¬ 

billed woodpecker, since the most cursory examination revealed many 

93 
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more species than this almost any day of the year, and provided the 

motive which has led to the compilation of the present list. 

This represents the efforts of many individuals over the period of a 

decade and comprises field observations over this period. Those who 

have assisted have been competent field ornithologists. Birds included 

on the list are those which have been identified by a minimum of two 

observers independently. No previous records for the island have been 

included since these are frequently impossible to verify, often unsatis¬ 

factory from a technical viewpoint, and once hearsay and guesswork 

are allowed to enter, it is difficult to draw the line between what is 

barely acceptable and what may be justifiably rejected. 

In even this brief span of time several noteworthy changes in the 

avifauna have taken place. Ten years ago it was a rare event to see a 

single blue jay on the island even once during the year, although they 

are common a scant ten miles to the north. Of recent years they have 

invaded in ever increasing numbers and are now firmly established as 

a nesting species in many areas. A similar increase of Inca doves is 

evident. On the other hand the progressive draining of inundated land 

and filling in of pond areas for housing and other developments has 

reduced the numbers of the purple gallinule and the Wilson’s Phala- 

rope, the former a summer resident and the latter a spring migrant. 

The cattle egret made its first appearance in 1956 when a single scat¬ 

tered specimen was noted by one of us (J. E. H.), now, two years later, 

a colony of at least half dozen is noted even during the nesting season, 

and we feel the colony is now established here.* 

Doubtless there will occur further changes as the topographical fea¬ 

tures undergo alteration but the following list is a faithful representa¬ 

tion of the birds which may be seen at the present time. 

It should be emphasized that observations included herein are 

sharply restricted to birds actually seen by observers on the island 

proper. These could be enlarged by simply extending the area a few 

miles to the north where, on the mainland, there are extensive wooded 

tracts and many additional species. Once the sharply circumscribed 

boundaries of the shorelines are passed, however, it would be difficult to 

decide where to stop, or to localize precisely the area where a given 

bird was seen. 

BIRDS OF GALVESTON ISLAND 

GAVIIDAE (LOONS) 

COMMON LOON Gavia immer Common winter resident 

* In December 1958, a block of 66 birds was observed. 
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HORNED GREBE 

PODICIPEDIDAE (GREBES) 

Podiceps auritus Rare winter resident and 

spring migrant 

EARED GREBE Podiceps caspicus Common winter resident and 

spring migrant 

PIED-BILLED GREBE Podilymbus podiceps Very common in winter and 

spring-summer resident 

LEAST GREBE Podiceps dominicus Rare visitant 

PHAETHONTIDAE (TROPIC-BIRDS) 

WHITE-TAILED 

TROPIC BIRD 

Phaethon lepturus Accidental 

WHITE PELICAN 

PELECANIDAE (PELICANS) 

Pelecanus erythrorhynchos Common winter resident 

BROWN PELICAN Pelecanus occidentalis Abundant resident 

SULIDAE (GANNETS AND BOOBIES) 

BLUE-FACED BOOBY Sula dactylatra Accidental 

GANNET Morus bassanus Accidental 

PHALACROCORACIDAE (CORMORANTS) 

DOUBLE-CRESTED 

CORMORANT 

Phalacrocorax auritus Winter resident—common 

OLIVACEOUS 

CORMORANT 

Phalacrocorax olivaceus Summer resident—common 

ANHINGA 

ANHINGIDAE (DARTERS) 

Anhinga anhinga Accidental 

FREGATIDAE (FRIGATE-BIRDS) 

MAGNIFICENT 

FRIGATE-BIRD 

Fregata manificens Uncommon summer visitant 

ARDEIDAE (HERONS AND BITTERNS) 

GREAT BLUE HERON Ardsa herodias Common resident 

COMMON EGRET Casmerodius albus Common resident 

SNOWY EGRET Leucophoyx thula Common resident 

REDDISH EGRET Dichromanassa rufescens Fairly common resident 
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CATTLE EGRET Bubulcus ibis Rare but to be expected in 

increasing numbers 

LOUISIANA HERON Hydranassa tricolor Common resident 

LITTLE BLUE HERON Florida caerulea Fairly common resident, 

common migrant 

GREEN HERON Butorides virescens Common fall, spring migrant 

BLACK-CROWNED 

NIGHT HERON 

Nycticorax nycticorax Common resident 

YELLOW-CROWNED 

NIGHT HERON 

Nyctanassa violacea Fairly common resident 

AMERICAN BITTERN Botaurus lentiginosus Common migrant, uncom¬ 

mon winter resident 

LEAST BITTERN Ixobrychus exilis Fairly common migrant, rare 

winter resident 

THRESKIORNITHIDAE (IBISES AND SPOONBILLS) 

GLOSSY IBIS Plegadis falcinellus Uncommon summer and rare 

winter resident 

WHITE-FACED IBIS Plegadis chihi Common resident, rare in 

winter 

WHITE IBIS Eudocimus albus Common resident 

ROSEATE SPOONBILL Ajaia ajaja Summer resident (common) 

ANATIDAE (SWANS, GEESE, AND DUCKS) 

CANADA GOOSE Branta canadensis Common winter residents 

WHITE-FRONTED 

GOOSE 

Anser albifrons Uncommon winter resident 

SNOW GOOSE Chen hyperborea Common winter resident 

BLUE GOOSE Chen caerulescens Common winter resident 

FULVOUS TREE DUCK Dendrocygna bicolor Summer resident 

MALLARD Anas platyrhynchos Uncommon winter resident 

BLACK DUCK Anas rubripes Rare migrant 

MOTTLED DUCK Anas fulvigula Fairly common resident 

GADWALL Anas strepera Common winter resident 

PINTAIL Anas acuta Common winter resident 

GREEN-WINGED TEAL Anas carolinensis Common winter resident 
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BLUE-WINGED TEAL Anas discors Common to abundant spring, 
fall migrant, rare in 
winter 

CINNAMON TEAL Anas cyanoptera Rare spring migrant 

AMERICAN WIDGEON Mareca americana Common winter resident 

SHOVELER Spatula clypeata Common winter resident 

REDHEAD Aythya americana Uncommon winter resident, 
migrant 

RING-NECKED DUCK Aythya collaris Uncommon winter resident 

CANVASBACK Aythya valisineria Fairly common winter 
resident 

GREATER SCAUP Aythya marila Uncommon winter resident 

LESSER SCAUP Aythya affinis Common winter resident 

COMMON GOLDENEYE , Bucephala clangula Uncommon winter resident 

BUFFLEHEAD Bucephala albeola Rare winter resident 

RUDDY DUCK Oxyura jamaicensis Common winter resident 

HOODED MERGANSER Lophodytes cucullatus Rare winter resident 

COMMON MERGANSER Mergus merganser Rare winter visitant 

RED-BREASTED 
MERGANSER 

Mergus serrator Uncommon winter resident, 
common migrant 

CATHARTIDAE (VULTURES) 

TURKEY VULTURE Cathartes aura Rare visitant 

BLACK VULTURE Coragyps atratus Very rare visitant 

ACCIPITRIDAE (HAWKS AND HARRIERS) 

COOPER’S HAWK Accipiter cooperii Uncommon winter resident 

RED-TAILED HAWK Buteo jamaicensis Common winter resident 

HARLAN S HAWK Buteo harlani Uncommon winter resident 

RED-SHOULDERED 
HAWK 

Buteo lineatus Rare migrant 

BROAD-WINGED 
HAWK 

Buteo platypterus Fall migrant in large flocks, 
uncommon spring 
migrant 

ROUGH-LEGGED Buteo lagopus Uncommon winter resident 
HAWK 
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ZONE-TAILED HAWK Buteo albonotatus Accidental winter visitant 

MARSH HAWK Circus cyaneus Very common winter 
resident 

PANDIONIDAE (OSPREYS) 

OSPREY Pandion haliaetus Uncommon migrant 

FALCONIDAE (FALCONS AND CARACARAS) 

PRAIRIE FALCON 

PEREGRINE FALCON 

PIGEON HAWK 

SPARROW HAWK 

PHASIANIDAE 

BOBWHITE 

SANDHILL CRANE 

Falco mexicanus 

Falco peregrinus 

Falco columbarius 

Falco sparverius 

(QUAILS, PHEASANTS, 

Colinus virginianus 

GRUIDAE (CRANES) 

Grus canadensis 

Accidental migrant 

Fairly common winter 
resident 

Common fall migrant, un¬ 
common winter resident 

Common winter resident 

AND PEACOCKS) 

Common resident 

Rare (regular) winter 
visitant 

RALLIDAE (RAILS, GALLINULES AND COOTS) 

CLAPPER RAIL Rallus longirostris Common resident 

VIRGINIA RAIL Rallus limicola 

SORA Porzana Carolina 

PURPLE GALLINLTLE Porphyrula martinica 

Uncommon migrant 

Common migrant, uncom¬ 
mon winter resident 

Uncommon migrant, summer 
resident 

COMMON GALLINULE Gallinula chloropus 

AMERICAN COOT Fulica americana 

Common migrant, summer 
resident, uncommon 
winter resident 

Abundant winter resident, 
uncommon summer 
resident 

HAEMATOPODIDAE (OYSTERCATCHERS) 

AMERICAN Haematopus palliatus Uncommon resident 
OYSTERCATCHER 
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CHARADRIIDAE (PLOVERS, TURNSTONES, AND SURFBIRDS) 

PIPING PLOVER 

SNOWY PLOVER 

SEMIPALMATED 
PLOVER 

WILSON’S PLOVER 

KILLDEER 

MOUNTAIN PLOVER 

AMERICAN GOLDEN 
PLOVER 

BLACK-BELLIED 
PLOVER 

RUDDY TURNSTONE 

Charadrius melodus 

Charadrius alexandrinus 

Charadrius semipalmatus 

Charadrius wilsonia 

Charadrius vociferus 

Eupoda montana 

Pluvialis dominica 

Squatarola squatarola 

Arenaria inter pres 

Fairly common winter 
resident 

Uncommon winter resident 

Common resident 

Fairly common migrant 

Very common resident 

Rare migrant 

Very common spring 
migrant 

Common resident 

Common resident 

SCOLOPACIDAE (WOODCOCK, SNIPE, 

COMMON SNIPE 

LONG-BILLED 
CURLEW 

WHIMBREL 

Capella gallinago 

Numenius americanus 

Numenius phaeopus 

UPLAND PLOVER Bartramia longicauda 

SPOTTED SANDPIPER Actitis macularia 

SOLITARY SANDPIPER Tringa solitaria 

WILLET 

GREATER- 
YELLOWLEGS 

Catoptrophorus 

semipalmatus 

Totanus melanoleucus 

AND SANDPIPERS) 

Common winter resident 

Common winter resident 

Uncommon winter resident, 
common migrant 

Common migrant 

Winter resident—uncommon 
but regular, rare in 
summer 

Common migrant 

Very common resident 

Common resident 

LESSER YELLOWLEGS Totanus flavipes 

KNOT Calidris canutus 

PURPLE SANDPIPER Erolia maritima 

PECTORAL SANDPIPER Erolia melanotos 

WHITE-RUMPED Erolia fuscicollis 

SANDPIPER 

Common resident 

Common migrant 

Accidental 

Common migrant 

Uncommon migrant 
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BAIRD’S SANDPIPER 

LEAST SANDPIPER 

DUNLIN 

SHORT-BILLED 
DOWITCHER 

LONG-BILLED 
DOWITCHER 

STILT SANDPIPER 

SEMIPALMATED 
SANDPIPER 

BUFF-BREASTED 
SANDPIPER 

MARBLED GODWIT 

SANDERLING 

Erolia bairdii 

Arolia minutilla 

Erolia alpina 

Limnodromus griseus 

Limnodromus scolopaceus 

Mircopalama himantopus 

Ereunetes pusillus 

Tryngites subruficollis 

Limosa fedoa 

Crocethia alba 

Uncommon migrant 

Uncommon winter resident, 
fairly common migrant 

Common winter resident 

Common winter resident 

Common winter resident 

Fairly common late migrant 

Common resident 

Fairly common winter 
resident 

Uncommon (but regular) 
migrant 

Uncommon winter resident 

Abundant resident 

WESTERN SANDPIPER Ereunetes mauri 

RECURVIROSTRIDAE (AVOCETS AND STILTS) 

AMERICAN AVOCET Recurvirostra americana Uncommon winter resident 

BLACK-NECKED Himantopus mexicanus Common migrant, summer 
STILT resident 

PHALAROPODIDAE (PHALAROPES) 

WILSON’S PHALAROPE Steganopus tricolor Rare migrant 

LARIDAE (GULLS AND TERNS) 

HERRING GULL 

RING-BILLED GULL 

LAUGHING GULL 

FRANKLIN’S GULL 

BONAPARTE’S GULL 

GULL-BILLED TERN 

FORSTER’S TERN 

COMMON TERN 

Larus argentatus 

Larus delawarensis 

Larus atricilla 

Larus pipixcan 

Larus Philadelphia 

Gelochelidon nilotica 

Sterna forsteri 

Sterna hirundo 

Abundant resident 

Abundant resident 

Abundant resident 

Rare migrant 

Uncommon winter resident 

Common resident 

Common resident 

Common migrant and 
summer resident 
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ROSEATE TERN 

SOOTY TERN 

LEAST TERN 

Sterna dougallii 

Sterna fuscata 

Sterna alhifrons 

ROYAL TERN 

SANDWICH TERN 

CASPIAN TERN 

BLACK TERN 

BLACK SKIMMER 

Thalasseus maximus 

Thalasseus sandvicensis 

Hydroprogne caspia 

Chlidonias niger 

Rare visitant 

Accidental 

Very common summer 
resident 

Common resident 

Uncommon resident 

Common resident 

Very common summer 
resident, rare winter 
resident 

RYNCHOPIDAE (SKIMMERS) 

Rynchops nigra Common summer resident, 
uncommon winter 
resident 

COLUMBIDAE (PIGEONS AND DOVES) 

ROCK DOVE Columba livia Abundant resident 

MOURNING DOVE Zenaidura macroura Abundant resident 

GROUND DOVE Columbigallina passerina Rare visitant 

WHITE-WINGED DOVE Zenaida asiatica Accidental visitant 

INCA DOVE Scardafella inca Common (locally) resident 

CUCULIDAE (CUCKOOS, ROADRUNNERS, AND ANIS) 

YELLOW-BILLED Coccyzus americanus Common migrant, summer 
CUCKOO resident 

BLACK-BILLED Coccyzus erythropthalmus Fairly common migrant 
CUCKOO 

GROOVE-BILLED ANI Crotophaga sulcirostris Accidental, possibly regular 
winter visitant 

TYTONIDAE (BARN OWLS) 

BARN OWL Tyto alba Uncommon resident 

STRIGIDAE (TYPICAL OWLS) 

SCREECH OWL Otus asio Rare—status uncertain 
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BURROWING OWL Speotyto cunicularia Rare winter resident 

BARRED OWL Strix varia Accidental 

SHORT-EARED OWL Asio flammeus Uncommon winter resident 

CAPRIMULGXDAE (GOATSUCKERS) 

CHUCK-WILL’S-WIDOWCaprimulgus carolinensis Rare migrant 

WHIP-POOR-WILL Caprimulgus vociferus Rare migrant 

COMMON 
NIGHTHAWK 

Chordeiles minor Common summer resident 

PAURAQUE Nyctidromus albicollis Rare migrant 

APODIDAE (SWIFTS) 

CHIMNEY SWIFT Chaetura pelagica Common summer resident 

TROCHILIDAE (HUMMINGBIRDS) 

RUBY-THROATED 
HUMMINGBIRD 

Archilochus colubris Common migrant 

RUFOUS 
HUMMINGBIRD 

Selasphorus rufus Rare winter resident 

BLACK-CHINNED 
HUMMINGBIRD 

Archilochus alexandri Accidental 

ALCEDINIDAE (KINGFISHERS) 

BELTED KINGFISHER Megaceryle alcyon Common resident 

PICIDAE (WOODPECKERS AND WRYNECKS) 

YELLOW-SHAFTED 
FLICKER 

Colaptes auratus Very common winter 
resident 

RED-SHAFTED 
FLICKER 

Colaptes cafer Rare winter resident 

RED-BELLIED 
WOODPECKER 

Centurus carolinus Fairly common resident 

REDHEADED 
WOODPECKER 

Melanerpes 

erythrocephalus 

Fairly common resident 

YELLOW-BELLIED 
SAPSUCKER 

Sphyrapicus varius Fairly common resident 

DOWNY WOODPECKER Dendrocopos puhescens Uncommon winter resident 



THE BIRDS OF GALVESTON ISLAND 103 

TYRANNIDAE (TYRANT FLYCATCHERS) 

EASTERN KINGBIRD Tyrannus tyrannus Common migrant, summer 
resident 

WESTERN KINGBIRD Tyranus verticalis Uncommon migrant 

SCISSOR-TAILED 
FLYCATCHER 

Muscivora forficata Very common resident 
(summer) 

GREAT CRESTED 
FLYCATCHER 

Myiarchus crinitus Common migrant 

EASTERN PHOEBE Sayornis phoebe Common migrant 

BLACK PHOEBE Sayornis nigricans Accidental 

SAY’S PHOEBE Sayornis saya Rare winter resident 

YELLOW-BELLIED 
FLYCATCHER 

Empidonax flaviventris Uncommon migrant 

ACADIAN 
FLYCATCHER 

Empidonax virenscens Common migrant 

TRAILL’S 
FLYCATCHER 

Empidonax traillii Uncommon migrant 

LEAST FLYCATCHER Empidonax minimus Uncommon migrant 

EASTERN WOOD 
PEWEE 

Contopus virens Common migrant 

OLIVE-SIDED 
FLYCATCHER 

Nuttallornis borealis Uncommon migrant 

VERMILION 
FLYCATCHER 

Pyrocephalus rubinus Uncommon winter resident 

ALAUDIDAE (LARKS) 

HORNED LARK Eremophila alpestris Common resident 

HIRUNDINIDAE (SWALLOWS) 

TREE SWALLOW lridoprocne bicolor Common migrant, uncom¬ 
mon winter resident 

BANK SWALLOW Riparia riparia Fairly common migrant 

ROUGH-WINGED 
SWALLOW 

Stelgidopteryx ruficollis Fairly common migrant 

BARN SWALLOW Hirundo rustica Common migrant 

CLIFF SWALLOW Petrochelidon pyrrhonota Uncommon migrant 

PURPLE MARTIN Progne subis Common summer resident 
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CORVIDAE (JAYS, MAGPIES, AND CROWS) 

BLUE JAY Cyanocitta cristata Status changing—common 
resident 

COMMON CROW Corvus hrachyrhynchos Rare visitant 

RED-BREASTED 
NUTHATCH 

SITTIDAE (NUTHATCHES) 

Sitta canadensis Rare winter visitant 

BROWN CREEPER 

CERTHIIDAE (CREEPERS) 

Certhia familiaris Rare winter resident 

HOUSE WREN 

TROGLODYTIDAE (WRENS) 

Troglodytes aedon Uncommon winter resident 

CAROLINA WREN Thryothorus ludovicianus Rare winter visitant 

LONG-BILLED 
MARSH WREN 

Telmatodytes palustris Common winter resident 

SHORT-BILLED 
MARSH WREN 

Cistothorus platensis Common winter resident 

ROCK WREN Salpinctes obsoletus Accidental winter visitant 
(may be regular visitant 
to rocky groins) 

MIMIDAE (MOCKINGBIRDS AND THRASHERS) 

MOCKINGBIRD Mimus polyglottos Abundant resident 

CATBIRD Dumetella carolinensis Common migrant, uncom¬ 
mon winter resident 

BROWN THRASHER Toxostoma rufum Common resident 

TURDIDAE (THRUSHES, SOLITAIRES, AND BLUEBIRDS) 

ROBIN Turdus migratorius Uncommon to abundant 
winter resident 

WOOD THRUSH Hylocichla mustelina Common migrant 

HERMIT THRUSH Hylocichla guttata Uncommon winter resident 

SWAINSON’S THRUSH Hylocichla ustulata Common migrant 

GRAY-CHEEKED 
THRUSH 

Hylocichla minima Fairly common migrant 
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VEERY 

EASTERN BLUEBIRD 

Hylocichla fuscenscens 

Sialia sialis 

Fairly common migrant 

Rare to uncommon winter 
resident, migrant 

SYLVIIDAE (GNATCATCHERS AND KINGLETS) 

BLUE-GRAY Polioptila caerulea Common winter resident 
GNATCATCHER 

RUBY-CROWNED Regulus calendula Common winter resident 
KINGLET 

GOLDEN-CROWNED Regulus satrapa 

KINGLET 
Rare winter visitant 

MOTACILLIDAE (PIPITS) 

WATER PIPIT Anthus spinoletta Common winter resident 

SPRAGUE’S PIPIT Anthus spragueii Fairly common winter 
resident 

BOMBYCILLIDAE (WAXWINGS) 

CEDAR WAX WING Bomhy cilia cedrorum Common winter resident 

LANIIDAE (SHRIKES) 

LOGGERHEAD SHRIKE Lanius ludovicianus Abundant resident 

STURNIDAE (STARLINGS) 

STARLING Sturanus vulgaris V"ery common winter resident 

VIREONIDAE (VIREOS) 

WHITE-EYED VIREO Vireo griseus 

YELLOW-THROATED Vireo flavifrons 

VIREO 

SOLITARY VIREO Vireo solitarius 

RED-EYED VIREO Vireo olivaceus 

PHILADELPHIA VIREO Vireo philadelphicus 

WARBLING VIREO Vireo gilvus 

Vireo bellii 

Common migrant, uncom¬ 
mon summer resident 

Fairly common migrant 

Uncommon winter resident 

Common migrant 

Uncommon migrant 

Fairly common migrant 

Fairly common migrant BELL’S VIREO 
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PARULIDAE (WOOD WARBLERS) 

BLACK-AND-WHITE 
WARBLER 

Mniotilta varia Very common migrant 

PROTHONOTARY 
WARBLER 

Protonotaria citrea Uncommon migrant 

SWAINSON’S 
WARBLER 

Limnothlypis swainsonii Rare migrant 

WORM-EATING 
WARBLER 

Helmitheros vermivorus Fairly common migrant 

GOLDEN-WINGED 
WARBLER 

Vermivora chrysoptera Uncommon migrant 

BLUE-WINGED 
WARBLER 

V ermiv or a pinus Fairly common migrant 

TENNESSEE WARBLER Vermivora peregrina Very common migrant 

ORANGE-CROWNED 
WARBLER 

Vermivora celata Fairly common winter 
resident 

NASHVILLE WARBLER Vermivora ruficapilla Uncommon migrant 

PARULA WARBLER Parula americana Common migrant 

YELLOW WARBLER Dendroica petechia Fairly common migrant 

MAGNOLIA WARBLER Dendroica magnolia Fairly common migrant 

CAPE MAY WARBLER Dendroica tigrina Very rare migrant 

BLACK-THROATED 
BLUE WARBLER 

Dendroica caerulescens Rare migrant 

MYRTLE WARBLER Dendroica coronata Abundant winter resident 

BLACK-THROATED 
GREEN WARBLER 

Dendroica virens Fairly common migrant 

CERULEAN WARBLER Dendroica cerulea Fairly common migrant 

BLACKBURNIAN 
WARBLER 

Dendroica fusca Fairly common migrant 

YELLOW-THROATED 
WARBLER 

Dendroica dominica Common migrant 

CHESTNUT-SIDED 
WARBLER 

Dendroica pennsylvanica Fairly common migrant 

BAY-BREASTED 
WARBLER 

Dendroica castanea Fairly common migrant 

BLACKPOLL Dendroica striata Fairly common migrant 
WARBLER 
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PINE WARBLER Dendroica pinus Rare winter resident 

PRAIRIE WARBLER Dendroica discolor Rare migrant 

PALM WARBLER Dendroica palmarum Uncommon migrant, winter 
resident 

OVENBIRD Seiurus aurocapillus Common migrant 

NORTHERN 
WATERTHRUSH 

Ssiurus noveboracensis Common migrant 

LOUISIANA 
WATERTHRUSH 

Seiurus motacilla Common migrant 

KENTUCKY WARBLER Oporornis formosus Fairly common migrant 

YELLOWTHROAT Geothlypis trichas Common migrant, fairly 
common winter resident 

YELLOW-BREASTED 
CHAT 

Icteria virens Fairly common migrant 

HOODED WARBLER Wilsonia citrina Common migrant 

WILSON’S WARBLER Wilsonia pusilla Uncommon migrant, uncom¬ 
mon winter resident 

CANADA WARBLER Wilsonia canadensis Uncommon migrant 

AMERICAN REDSTART Setophaga ruticilla Common migrant 

PLOCEIDAE (WEAVER FINCHES) 

HOUSE SPARROW Passer domesticus Too abundant resident 

ICTERIDAE (MEADOWLARKS, BLACKBIRDS, AND ORIOLES) 

BOBOLINK Dolichonyx oryzivorus Uncommon but regular 
migrant 

EASTERN 
MEADOWLARK 

Sturnella magna Abundant resident 

WESTERN 
MEADOWLARK 

Sturnella neglecta Status uncertain, probably 
uncommon resident 

YELLOW-HEADED 
BLACKBIRD 

Xanthocephalus 

xanthocephalus 

Rare spring migrant 

REDWINGED 
BLACKBIRD 

Agelaius phoeniceus Abundant resident 

ORCHARD ORIOLE Icterus spurius Common migrant 

BALTIMORE ORIOLE Icterus galbula Common migrant 
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BULLOCK’S ORIOLE Icterus bullockii Rare winter resident 

RUSTY BLACKBIRD Euphagus carolinus Fairly common winter 
resident 

BREWER’S BLACKBIRD Euphagus cyanocephalus Common winter resident 

BOAT-TAILED 
GRACKLE 

Cassidix mexicanus Common resident 

COMMON GRACKLE Quiscalus quiscula Uncommon winter resident 

BROWN-HEADED 
COWBIRD 

Molothrus ater Common to abundant 
winter resident 

THRAUPIDAE (TANAGERS) 

SCARLET TANAGER Piranga olivacea Common migrant 

SUMMER TANAGER Piranga rubra Common migrant 

FRINGILLIDAE (GROSBEAKS, FINCHES, SPARROWS, AND BUNTINGS) 

CARDINAL Richmondena cardinalis Common resident 

ROSE-BREASTED 
GROSBEAK 

Pheucticus ludovicianus Common migrant 

BLACK-HEADED 
GROSBEAK 

Pheucticus melanocephalus Rare winter resident 

BLUE GROSBEAK Guiraca caerulea Common migrant 

INDIGO BUNTING Passerina cyanea Common migrant 

PAINTED BUNTING Passerina ciris Common migrant 

DICKCISSEL Spiza americana Common migrant, uncom¬ 
mon summer resident 

AMERICAN 
GOLDFINCH 

Spinus tristis Uncommon winter resident 

RUFOUS-SIDED 
TOWHEE 

Pipilo erythrophthalmus Rare winter visitant 

LARK BUNTING Calamospiza melanocorys Accidental winter visitant 

SAVANNAH SPARROW Passerculus sandwichensis Very common winter 
resident 

GRASSHOPPER Ammodramus savannarum Rare winter resident 
SPARROW 

LECONTE’S SPARROW Passerherbulus caudacutus Rare winter resident 

SHARP-TAILED Ammospiza caudacuta Fairly common winter 
SPARROW residsnt, spring migrant 
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SEASIDE SPARROW Ammospiza maritima 

VESPER SPARROW Pooecetes gramineus 

LARK SPARROW 

CHIPPING SPARROW 

CLAY-COLORED 
SPARROW 

FIELD SPARROW 

HARRIS’ SPARROW 

WHITE-CROWNED 
SPARROW 

WHITE-THROATED 
SPARROW 

LINCOLN’S SPARROW 

SWAMP SPARROW 

SONG SPARROW 

Chondestes grammacus 

Spizella passerina 

Spizella pallida 

Spizella pusilla 

Zonotrichia querula 

Zonotrichia leucophrys 

Zonotrichia albicollis 

Melospiza lincolnii 

Melospiza georgiana 

Melospiza melodia 

Uncommon resident 

Fairly common winter 
resident 

Uncommon winter resident, 
migrant 

Uncommon migrant 

Accidental winter visitant 

Fairly common winter 
resident 

Accidental winter visitant 

Rare winter resident 

Common winter resident 

Fairly common winter 
resident, migrant 

Common winter resident 

Common winter resident 



Science in Texas 

H. J. Wissemann has been appointed General Manager of the 

apparatus division of Texas Instruments Incorporated. In his new 

position, Mr. Wissemann will have responsibility for all manufactur¬ 

ing, marketing, and engineering activity within the division, thus 

bringing all primary product functions under one head. Mr. Wisse¬ 

mann has been Assistant Vice President in charge of engineering in 

the apparatus division since 1954, following one year as the division’s 

chief engineer in charge of design and development. He came to Texas 

Instruments in 1945 and served as a project engineer in the apparatus 

division before his appointment as chief engineer. A 1939 graduate 

of Southern Methodist University with a Bachelor of Science degree 

in Physics and Mathematics, Mr. Wissemann took graduate courses in 

Physics at The University of Texas in 1940-41 and courses in radar, 

sonar, and radio at Bowdoin College and the Massachusetts Institute 

of Technology in 1942. He was graduated from the American Manage¬ 

ment Association management course in 1952 and took additional 

management courses at Southern Methodist University in 1953. 

★ ★ ★ ★ 

The University of Texas physics department has received a $15,000 

grant from Texas Instruments, Inc., for basic research on semicon¬ 

ductor materials. Professor Arthur E. Cockenvitz and Drs. James C. 

Thompson and Bobert B. Watson will use the grant to purchase neces¬ 

sary materials and equipment. The grant also provides graduate 

fellowships to three students who will assist in the research. Billy J. 

Sandlin of Greenville and Benny A. Younglove of Fort Worth received 

$2,700 doctoral fellowships, and Daniel T. M. Davis, Jr., of Childress, 

a master’s degree candidate, received a $2,000 fellowship. 

★ ★ ★ ★ 

Dr. Alfred Schild, University of Texas mathematician, has received 

a $16,000 research contract from the U. S. Air Force’s Wright Air 

Development Center to conduct a one-year basic study of relativity 

and gravitational theories. Dr. Schild, before joining the University 

staff last year, served as advisory mathematician for Westinghouse 

Laboratories. He has taught at Carnegie Institute of Technology and 

the University of Toronto. 

★ ★ ★ ★ 

Dr. Samuel P. Ellison, Jr., The University of Texas geology depart¬ 

ment chairman, has been elected national president of the Society of 

Economic Paleontologists and Mineralogists. 
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The University of Texas Clayton Foundation Biochemical Institute 

has received $104,743 from the Clayton Foundation in Houston. The 

funds will support research and provide salary supplementation for a 

six-month period. Also, $10,000 of the total was designated as the 

second installment of a $50,000 appropriation to finish the part of the 

Experimental Science Building which houses the Biochemical Institute. 

“In 1940 when the Biochemical Institute was organized, the Clayton 

Foundation donated $15,000 to support the research work of three to 

four scientists. Now, 18 years later, the Institute receives more than 

$200,000 each year to support the research of 80 scientists,” Dr. Roger 

J. Williams, Institute director, pointed out. The Institute concentrates 

on research problems in cancer, alcoholism, mental disease, and nutri¬ 

tion. 

★ ★ ★ ★ 

Dr. Harold C. Bold, botantist at The University of Texas, has re¬ 

ceived a $20,000 National Science Foundation grant to finance a three- 

year research project on little-known inhabitants of Texas soils—the 

green and bluegreen algae. Dr. Bold is one of the few botanists trying 

to learn about soil algae. “Scientists know about many other kinds of 

algae, the scum like plants that live in water, but when they turn to 

soil algae, they find a relatively-unexplored field,” Dr. Bold said. 

“Every scientist doesn’t have to go to Africa or to the South Pole for 

new worlds of knowledge to conquer,” he said. In the soil around us 

there are new kinds of plants and animals, organisms which no one 

has ever seen or identified.” The NSF grant will enable Dr. Bold to 

collect soil samples from Texas. By studying their organisms he will 

try to work out the first classification of soil algae in this area. Algae 

grow abundantly in the top six inches of soil, although they have been 

found six feet deep. Unlike most bacteria and all fungi, algae contain 

chlorophyll. In ten years of research Dr. Bold has never found soil 

samples which did not contain algae. He noted that algae are found in 

all kinds of soil, even the parched sands of the Sahara desert. Last year 

Dr. Bold discovered two kinds of soil algae in Williamson County 

which previously were known to inhabit only South Wales and 

Australia. “How did these algae get to Texas? That’s one question we 

want to answer,” Dr. Bold said. “No doubt the algae are dust-borne, 

and some may be carried by migrant birds.” Graduate students work¬ 

ing with Dr. Bold are Temd R. Deason of Wellington, Alabama, and 

Bruce C. Parker of Saxtons River, Vermont. 



The Texas Academy of Science—1958 Resume 

by LORRIN KENNAMER 

Secretary-Treasurer 

The Texas Academy of Science during the past year continued its 

work through the standing committees, the Texas Journal of Science, 

the Annual Meeting in Houston and through certain special projects. 

At the conclusion of the year the members in good standing numbered 

996. 

The Committee on Necrology reported the following members as 

having passed away: Halbert P. Bybee, Asa C. Chandler, Henry C. 

Cortes, F. M. Getzendaner, Vladimer A. Kalichevesky, William Mc- 

Cane Lively, Hubert Schmidt, Jeannot N. Stern, Homer L. Stewart, 

C. W. Watson and H. B. Parks. 

In cooperation with the American Association for the Advance¬ 

ment of Science the Academy through its Research Grants Committee 

awarded research grants totaling $550.00 to both college and high 

school students. 

The Development Board under the able chairmanship of Dr. Brian 

Eby arranged for a series of television programs sponsored by the 

Academy over KPRC-TV of Houston. The eleven programs sponsored 

by the Academy involved the cooperation of the following companies 

and organizations in setting the content of each show: Redstone Arse¬ 

nal, Houston Committee on Alcoholism, Shell Chemical, A. & M. 

College, Monsanto Chemical, Houston Zoo, The University of Texas, 

the U. of T. Medical Branch at Galveston and the Dow Chemical Com¬ 

pany. 

Texas Instruments of Dallas aided the Academy in its work with a 

contribution to cover the costs of printing a brochure that explains the 

purpose and work of the Academy. This brochure has been mailed to 

the science departments throughout the state as well as being dis¬ 

tributed at the October 1958 Conference on Science and Mathematics 

Teaching in Austin and the 1958 Annual Meeting of the Academy in 

Houston. 

The Elections Committee reported the officers of the Academy for 

1959 to be: President—Dr. Robert Sherman; Executive Vice-President 

—Dr. Gordon Teal; Secretary-Treasurer—Dr. Lorrin Kennamer; 
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Elected Director Dr. Dale F. Leipper; A A AS Representative—Dr. 

Wayne Taylor; Vice-President for Physical Sciences—Dr. James R. 

Couch; Vice-President for Biological Sciences, Dr. James R. Schofield; 

Vice-President for Social Sciences—Dean Z. T. Huff; Vice-President 

for Earth Sciences—Dr. John C. Dunlap and Vice-President for Con¬ 

servation—Mr. E. T. Dawson. Dr. Clark Hubbs continues as Editor of 

the Journal. 

The Board of Science Education under the chairmanship of Dean 

Bailey Calvin continued study on the feasibility of an annual award 

being made to the outstanding science teacher or teachers at each 

annual meeting of the Academy. The Board is continuing study of the 

teacher education programs in the state with two-thirds of the ques- 

tionaires returned from the colleges and universities. It is visualized 

that the study of the questionaires as well as study of teacher educa¬ 

tion programs on file at the Texas Education Agency will result in 

recommendations from the Academy to the Science Curriculum Com¬ 

mittee of the State Board of Education. The Board is preparing research 

proposals regarding science education for submission in 1959 to the 

National Science Foundation. These proposals include an experimental 

program in junior high science, a program in mathematics teaching, 

and a consideration of collegiate counselors for secondary science 

teachers. The Academy through its Board of Science Education con¬ 

tinues to sponsor Science Fairs with 15 District Fairs planned with 

directors appointed and plans underway. The Board has worked with 

the Interscholastic League in developing science examinations to be 

included in the competitive examinations. These science examinations 

will begin in 1959. The Chairman of the Board for 1959 is Dr. S. H. 

Lee of Texas Technological College. 

The Collegiate Academy with Sister Joseph Marie Armer as Coun¬ 

selor had a paid-up membership in 1958 of 290 in twenty active chap¬ 

ters. Four issues of their journal, TASCA, were published during the 

year. At the Houston meeting the Collegiate Academy was represented 

by 202 collegiates with eighteen active chapers participating. Thirty- 

nine collegiates read research papers at the Annual Meeting of the 

Academy. The Colleges with active chapters in 1958 were: Abilene 

Christian College, Hardin Simmons University, Lamar Tech, Incar¬ 

nate Word College, McMurry College, Mary Hardin-Baylor College, 

Midwestern University, Pan American College, Prairie View A&M 

College, Texas A&M College, Texas Western College, Texas Lutheran 

College, Texas Wesleyan College, Sam Houston State Teachers Col¬ 

lege, Our Lady of the Lake College, University of Corpus Christi, St. 
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Edward’s University, Wayland Baptist college, Victoria College and 

Howard Payne College. 

The Junior Academy of Science with Dr. Wayne Taylor as Coun¬ 

selor was well represented at the Annual Meeting of the Academy 

with 363 members in attendance. Forty-seven research papers were 

presented to the Junior Academy of Science. The Junior Academy has 

in final stages of preparation a handbook which will be a revision of 

the 1942 Junior Academy Handbook. 

At the Annual Meeting of the Academy the following organizations 

held affiliated meetings: American Association of Physics Teachers, 

Texas Section; Mathematics Association of America, Texas Section 

and the Texas Psychological Association. 

The Banquet of the Annual Meeting was very well attended with 

the Senior, Collegiate and Junior Academies combining to hear the 

speaker of the evening, Dr. Theodore O. Yntema, Vice-President- 

Finance, Ford Motor Company. (A copy of Dr. Yntema’s address is 

available at no cost: Write to Charles F. Moore, Vice-President Public 

Relations, Ford Motor Co., The American Road, Dearborn, Michigan 

and ask for a copy of “A Fiberal Education”). 

The tax-exempt status of the Academy was reclarified during 1958 

in a letter dated 19 November 1958 from the U.S. Treasury Depart¬ 

ment (T: R: EO: 3-JN). Pertinent quotes from this letter are as follows: 

“It is the opinion of this office, based upon the evidence presented, that 

you are exempt from Federal Income tax as an organization described 

in section 501(c)(3) of the Internal Revenue Code of 1954, as it is 

shown that you are organized and operated exclusively for scientific 

and educational purposes . . . Contributions made to you are deductible 

by the donors in computing their taxable income in the manner and 

to the extent provided by section 170 of the 1954 Code ” (italics mine) 

Plans for 1959 include: submission of research grant requests to the 

National Science Foundation by the Academy; study of the Academy’s 

Constitution by a special committee; intensive membership drive; 

cooperation with Interscholastic Feague regarding Science Contest; 

continuing sponsorship of Science Fairs; continuing activities of the 

Collegiate and Junior Academies; continuing publication of Texas 

Journal of Science; and conducting the Annual Meeting of the Acad¬ 

emy in Austin, Texas with The University of Texas as host institution 

on December 11-12, 1959. 

The financial status and affairs of the Academy are presented as 

follows in the auditor’s report for 1958. 



TEXAS ACADEMY OF SCIENCE 

Analysis of Special Funds 
January 1, 1958 through December 31, 1958 

Schedule 1 

Permanent Fund 

Balance, January 1, 1958 ........ $4,116.51 
Add interest credited during 1958 . 166.28 

Balance on deposit at Bryan Building and Loan Association, 
December 31, 1958 ..... $4,282.79 

Add balance on deposit at Texas State Bank . ..... 110.00 

Balance, December 31, 1958 ...... $4,392.79 

Collegiate Academy Fund 

Balance, January 1, 1958 .. . $ 118.00 
No transactions during 1958 ...... . 

Balance, December 31, 1958 ... $ 118.00 

Goethe Fund 

Balance, January 1, 1958 ..... $ 500.00 
Contributions from Mr. Goethe during 1958 .. 150.00 

Total ... .... $ 650.00 
Transfers to general operating fund for Goethe memberships. 270.00 

Balance, December 31, 1958 ... $ 380.00 

AAAS Research Grant 

Balance, January 1, 1958 ........ $ 577.00 
Receipts during 1958 ..... $ 323.00 

Total .... $ 900.00 
Grants made during 1958 ... 550.00 

Balance, December 31, 1958 ... $ 350.00 

South Plains Regional Science Fair 

Balance, January 1, 1958 ...... $ ..... 
Receipts during 1958 .... $ 700.00 

Total . ...... $ 700.00 
Disbursements during 1958 .. 700.00 

Balance, December 31, 1958 ... $ . 

See accompanying notes to financial statements. 
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TEXAS ACADEMY OF SCIENCE 

Notes to Financial Statements 

1. The Academy maintains a stock of back issues of its official organ, The Texas 

Journal of Science. No value is placed on this inventory in the financial state¬ 

ments as it is customary in this type of organization to consider all such publica¬ 

tion costs as being attributable to the year of publication. Copies of the various 

issues of The Texas Journal of Science are sold to libraries, incoming members, 

etc.; revenue amounting to $162.00 was received during 1958 from this source. 

2. Included in revenue from membership dues is approximately $500.00 attribu¬ 

table to 1959. Some 1958 dues were received during 1957, but the accounting 

records for 1957 were not maintained in such a way as to determine the amount. 

ACCOUNTANT’S REPORT 

January 1, 1958-December 31, 1958 

Wayne P. Tenney, Certified Public Accountant, 

5304 Halwill Place, Austin 5, Texas 

January 28, 1959 

Board of Directors 

Texas Academy of Science 

I have examined the balance sheet of the Texas Academy of Science as of De¬ 

cember 31, 1958, and the statement of operations for the year then ended. My 

examination was made in accordance with generally accepted auditing standards, 

and accordingly included such tests of the accounting records and such other audit¬ 

ing procedures as were considered necessary in the circumstances. 

Heretofore the statements of the Academy have been prepared on the cash basis 

which shows only the results of cash transactions. No accounting has been made 

for obligations owing but unpaid at the close of the year. The accompanying state¬ 

ments are prepared to reflect all transactions of a material nature occurring through 

December 31, 1958. Accordingly, included in disbursements for publication and 

distribution of The Texas Journal of Science is approximately $1,100.00 attributable 

to 1957. 

In my opinion the accompanying balance sheet and statement of operations 

fairly present the financial position of the Texas Academy of Science at December 

31, 1958, and subject to the explanation in the preceding paragraph the results of 

its operations for the year then ended in conformity with generally accepted 

accounting principles, and except for the change in accounting methods disclosed 

in the preceding paragraph of which I approve, applied on a consistent basis. 

Wayne P. Tenney 

TEXAS ACADEMY OF SCIENCE 

Balance Sheet 

December 31, 1958 

Assets 

Current assets: 

Cash on deposit at Texas State Bank... 

Cash on deposit at Bryan Building and Loan Association. . . 

Exhibit A 

$1,603.08 

4,282.79 
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Receivables: 

Television productions... $ 600.00 

Journal reprinting costs.... 86.05 686.05 

Inventory of The Texas Journal of Science—Note 1 

Total assets...... $6,571.92 

Liabilities 

Accounts payable: 

University of Texas Printing Division . ...... $2,630.95 

Other .... 347.62 

$2,978.57 

Net Worth 

Special funds—Schedule 1: 

Permanent fund ..   $4,392.79 

Collegiate Academy fund..... 118.00 

Goethe fund ..  380.00 

AAAS Research Grant.    350.00 

Total special funds ... $5,240.79 

General operating fund: 

Deficit. (1,647.44) 3,593.35 

Total liabilities and net worth... $6,571.92 

See accompanying notes to financial statements. 

TEXAS ACADEMY OF SCIENCE 

General Operating Fund 

Statement of Operations 

January 1, 1958 through December 31, 1958 

Exhibit B 

Balance, January 1, 1958 (Deficit) ..... $ (280.75) 

Cash receipts: 

Membership dues—Note 2 

Regular ..... $3,981.00 

Transfers from Goethe fund... 270.00 

Libraries  .... 280.25 4,531.25 

The Texas Journal of Science: 

Contributions to aid in publishing costs.. $ 350.00 

Advertising  ... 125.00 

Collection of reprinting costs.. 241.40 

Sale of back issues. 162.00 878.40 

Television productions..... 1.600.00 

Contribution by Texas Instruments to defer travel 

expenses of speaker at 1958 annual meeting ... 200.00 

Miscellaneous receipts ...... 228.78 

Beginning balance plus receipts ... $ 7,157.68 



118 THE TEXAS JOURNAL OF SCIENCE 

Cash disbursements: 

The Texas Journal of Science: 

Publication and distribution costs of 

December, 1957; March and June, 

1958, issues—Note 1... $3,753.57 

Cost of reprints to be reimbursed. .  . 156.90 $3,910.47 

Office expenses: 

Office supplies.. $ 204.60 

Payroll and payroll taxes (secretarial). . . 539.02 

Postage expense . 118.75 

Mailing expenses (membership 

circularization) .  181.96 

Accounting and auditing expense. 103.00 

Telephone expense ..  87.24 

Academy conference dues.  36.00 

Miscellaneous .  16.75 1,287.32 

Executive Vice-President’s office .................. 478.31 

Television production expenses... 836.50 

Balance before consideration of obligations 

unpaid at December 31, 1958 . 

Unpaid obligations at December 31, 1958: 

University of Texas Printing Division 

for September and December, 1958, 

issues of The Texas Journal of Science. . . . $2,460.40 

Reprint costs ($147.05 reimbursed 

during 1958) .... 170.55 $2,630.95 

Television production expenses  . 300.00 

Other charges  . 47.62 

$2,978.57 

Less amounts due early in 1959: 

Television productions ................... $ 600.00 

Reimbursement for reprint costs of 

The Texas Journal of Science articles. . . . 86.05 686.05 

Net amount owing but unpaid at December 31, 1958. 

Net deficit at December 31, 1958, when considering all 

obligations and resources at December 31, 1958. . . . 

6,512,60 

$ 645.08 

2,292.52 

$(1,647.44) 

See accompanying notes to financial statements. 



Affairs of The Texas Academy of Science 

The sixty-second annual meeting of The Texas Academy of Science 

was held at the Texas Medical Center, Houston, December 11-13, 

1958. The interesting program, in abbreviated form, is given below. 

GENERAL SESSIONS 

Friday, December 12 

11:00 a.m. Presidential address: Paul C. Witt (Abilene Christian 

College), “Light Ahead.” 

6:30 p.m. Theodore 0. Yntema (Vice President, Finance, Ford Motor 

Co.) gave the banquet address “Science versus Liberal Educa¬ 

tion?” 

Saturday, December 13 

8:30 a.m. “Symposium on New Advances in Science Teaching.” 

G. K. Teal (Texas Instruments, Inc.) Moderator 

Max Beberman (University of Illinois), “Mathematics Teach¬ 

ing.” 

A. B. Garrett (Ohio State University), “Chemistry Teaching.” 

Robert V. Bartz (Educational Services, Inc.), “Physics Teaching.” 

Section I—Physical Sciences, American Association of 

Physics Teachers and the Texas Academy of Science. 

Friday Morning, December 12 

DIVISION A 

Robbin C. Anderson, Presiding 

Otto O. Watts (Hardin-Simmons University), “A Thermo-Volumetric 

Analysis Method for Calcium in Gypsum.” 

Kelso B. Morris (Howard University), “Electrical Conductance in 

Molten Salt Systems.” 

Maurice J. Brau and T. S. Burkhalter (Texas Instruments, Inc.), 

“Continuous Monitor for Arsenic in the Atmosphere.” 

James G. Harper and Susan Astor (Texas Instruments, Inc.), “Im¬ 

perfections in Semiconductor Crystals.” 
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Joe S. Ham (Texas A. and M. College), “Diffusion Studies of Polymer 

Solutions.” 

Max C. Bolen (Texas A. and M. College), “Polymer Systems Under 

Pressure.” 

DIVISION B 

Moody Coffman, Presiding. 

L. F. Connell, Jr. (North Texas State College), “The New Physics- 

Mathematics Building at North Texas State College.” 

Frank C. Whitmore (Texas A. and M. College), “Modern Physics at 

the Sophomore Level.” 

Charles Bamer, Louise Dallavia, David Cook, Robert Henry, intro¬ 

duced by T. N. Hatfield (University of Houston), “Junior Me¬ 

chanics Experiments.” 

John A. Rider and Warren Hull (University of Houston), “An Exer¬ 

cise in Junior Electronics: The Unknown Vacuum Tube.” 

Clifton Bob Clark (Southern Methodist University), “Remarks about 

the PSSC High School Physics Course.” 

Ray Peach (Kinkaid School, Houston), “Open Ended Experiments for 

High School Students of Chemistry and Physics.” 

division c 

E. K. McLachlan, Presiding. 

James C. Bradford (Abilene Christian College), “Drift-Type Process 

—A Non-Stationary Input for Linear Filters.” 

Louis Brand (University of Houston), “Non-Analytic Functions of a 

Complex Variable.” 

Don E. Edmondson (Southern Methodist University), “The Jordan 

Holder Theory.” 

W. H. Fagerstrom (Pan American College), “Concepts of Higher 

Mathematics Which Mathematics High School Seniors Could 

Understand.” 

H. J. Ettlinger (The University of Texas), “Some Patterns of Mathe¬ 

matical Thinking.” 

Friday Afternoon, December 12 

DIVISION A 

T. W. Bonner, Presiding. 

B. B. Kinsie (The University of Texas), “Problems in Nuclear Phys¬ 

ics.” 

J. E. Everett (Texas A. and M. College), “Coloration of Crystals by 

X-Radiation.” 
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N. W. Naugle, J. R. Henderson, J. B. Coon (Texas A. and M. College), 

“The Double Potential Minimum Problem in Molecular Vibra¬ 

tions.” 

Nadim Nasir and John C. Allred (University of Houston), “Rela¬ 

tivistic Plasma Oscillations.” 

J. D. Brandenberger (The University of Texas), “Techniques of 

Detecting Associated Nuclear Reaction Particles.” 

C. J. Spahn (The University of Texas), “Neutron Total Cross Sections 

for Dyprosium, Erbium, Gadolinium, Palladium, Rhodium and 

Vanadium.” 

DIVISION B 

John C. Allred, Presiding. 

B. J. Sandlin (Texas Instruments Fellow, The University of Texas), 

“A Rapid Reading Precision Thermometer 2-200° K.” 

B. L. Landrum and J. B. Coon (Texas A. and M. College), “The 

Ultraviolet Spectrum of NH3 and ND3.” 

Huntley Millar and John C. Allred (University of Houston), “Im- 

pedence Plethysomography.” 

Mary Ellen Young (Wayland Baptist Center), “A Function Generator 

for Analog Computers.” 

Jason A. Ellis (North Texas State College), “Dielectric Constants 

Which Are Not Constants.” 

Harry I. Mei (The University of Texas), “Solar and Non-Solar Cool¬ 

ing Condensation in Building Ceilings in Hot Climates.” 

Saturday Morning, December 13 

DIVISION A 

Robert Little, Presiding. 

Glenn E. Barnett (The University of Texas), “The Pre-Service Prepa¬ 

ration of Physics Teachers for High School.” 

T. N. Hatfield (University of Houston), “Courses for Science Teachers 

Must Be on Fundamental Concepts.” 

Wayne Taylor (The University of Texas), “The In-Service Consult¬ 

ant: A Field Service for Physics Teachers.” 

J. G. Potter (Texas A. and M. College), “High School Teachers Want 

Regular College Courses.” 

Jack Pemberton (LaPorte High School), “What Should Be Included 

in College Courses—A High School Teacher’s Opinion.” 
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SECTION II-BIOLOGICAL SCIENCES 

Friday Morning, December 12 

DIVISION A 

Pauline James, Presiding. 

J. R. Tamsitt (East Texas State College), “Mating Behavior of the 

Peromyscus truei Species Group of White-footed Mice.” 

John T. Falkenbury (Ft. Worth Children’s Museum), “Determination 

of Sperm Viability, Through the Use of Ultraviolet Rays and 

Various Organic Media in Rana pipiensP 

C. S. Fin (Houston-Tillotson College), “Observations on the Biology 

and Behavior of Two Digger Wasps in Texas.” 

Clark Hubbs and George E. Drewry (The University of Texas), 

“Hybridization of Fishes.” 

Clark Hubbs and Exalton A. Delco, Jr. (The University of Texas), 

“Courtship Patterns of Poeciliid Fishes.” 

William C. Renfro (Texas Game and Fish Commission), “Tolerance 

of Some Fresh Water Fishes to Sea Salt Solutions.” 

DIVISION B 

Donald Duncan, Presiding. 

Shelton F. Gottlieb (The University of Texas Medical Branch), “Ef¬ 

fects of Cations on EDTA Inhibition of Clot Formation.” 

Jess M. McKenzie (The University of Texas Medical Branch), “Fac¬ 

tors Influencing the Fibrinolytic Response Following Exposure to 

High Altitudes.” 

Ann Cook (The University of Texas Medical Branch), “Gonadal Ef¬ 

fects of Hypothalmic Lesions in Female Rats.” 

H. G. Swann (The University of Texas Medical Branch), “Physiology 

of an Extravascular Plasma Space in the Kidney.” 

John G. Sinclair (The University of Texas Medical Branch), “Visu¬ 

alization of an Interstitial Space in the Functioning Kidney.” 

George F. Gray, Jr. (Baylor University College of Medicine), “Role 

of the Adrenal Gland in Obesity of an Inbred Strain of Mice.” 

C. Wayne Barden (Baylor University College of Medicine), “Hormo¬ 

nal Status of Host Relative to Transplantation of Neoplasms of the 

Mouse Adrenal Cortex.” 

Scott Gundy and A. C. Griffin (Baylor University College of Medi¬ 

cine), “Structure and Function of Serum Lipoproteins.” 
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Friday Afternoon, December 12 

DIVISION A 

Richard J. Baldauf, Presiding. 

Lazern O. Sorensen (Pan American College), “A Report of Attached 

Sargassum on the Port Isabel Jetty.” 

Pauline James and Lazern Sorenson (Pan American College), “Notes 

on Some of the Lesser Known Marine Forms along the Lower 

Texas Gulf Coast.” 

Harry D. Thiers (Texas A. and M. College), “Notes on the Genus 

Boletus in Texas.” 

Laverne Albert (Baylor University), “The Effects of Gibberellic Acid 

on Microcystis aeruginosa.” 

Harold E. Laughlin (The University of Texas), “Interrelationships 

Between Two Sympatric Species of Racerunner Lizards, Genus 

Cnemidophorus.” 

Neil C. Hulings (Texas Christian University), “An Ecological Study 

of the Recent Ostracods of the Gulf Coast of Florida.” 

James R. Dixon (Texas A. and M. College), “Variations in Skeletal 

Structures of the Lizard Genus Phyllodactylus. ’ ’ 

Patricia Robbins Johnson (Baylor University), “A Study of the 

Venom of Polistes exclamans Viereck by Paper Electrophoresis.” 

J. P. Kennedy (University of St. Thomas), “Eggs of the Eastern Flog- 

nose Snake, Heterodon platyrhinos.” 

Pauline James (Pan American College), “A Preliminary Report on 

the Occurrences of Tape Worms in the White-Winged Dove. 

Zenaida asiatica.” 

Danny Hemlay and Neil C. Hulings (Texas Christian University), 

“Preliminary Investigation of the Stomach Contents of Two 

Genera of Starfish.” 

DIVISION B 

Wayne Longnecker, Presiding. 

Sidney O. Brown (Texas A. and M. College), “Chronic Low Intensity 

Radiation Program at A. and M. College.” 

George M. Krise and C. M. Williams (Texas A. and M. College. Texas 

Engineering and Experiment Station), “The Effects of Pitressin 

upon Postirradiation Polydipsia, Polyuria, and Creatinuria in the 

Albino Rat.” 

Allen C. Chitteden and Mary Elmore Sauer (The University of Texas 

Medical Branch), “Quantitative Determinations of Desoxyribo¬ 

nucleic Acid (DNA) in Irradiated Chick Embryos.” 
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Kermit Welch and Leon Kraintz (The University of Texas Dental 

Branch), “The Distribution of Administered Radioberyllium in 

Rats.” 

Barnet M. Levy (The University of Texas Dental Branch), “Tumors 

of the Notochord in Amphibians.” 

Bruce Walker (The University of Texas Medical Branch), “Cleft 

Palate in Mice Resulting from Amniotic Sac Puncture.” 

James L. McClendon (The University of Texas Dental Branch), “Red 

and White Blood Cells in Mouth Rinsings.” 

W. Yoshioka and F. Gonzales (The University of Texas Dental 

Branch), “Survival of Mouth Tooth Germs After Freezing in 

Liquid Nitrogen.” 

A. P. Westfall, J. W. Barnett, Pat Alessandra, George Ritchie (The 

University of Texas Medical Branch), “Cephalometric Studies 

of the Cranio-Facial Growth.” 

division c 

Norris P. Wood, Presiding. 

Billy D. Webb and Luther R. Richardson (Texas Agricultural Experi¬ 

ment Station), “The Relationship of Relative Humidity, Moisture 

Content, Storage Temperature and Heating in Feed Ingredients.” 

Sanford J. Ritchey and Luther R. Richardson (Texas Agricultural Ex¬ 

periment Station), “Free Amino Acids in Plasma of Swine and 

Chicks.” 

George E. Potter (Texas A. and M. College), “Anatomy of the Uri- 

nogenital System of the Guiena Pig.” 

M. E. Haque, M. M. Rahman, B. L. Reid, and J. R. Couch (Texas A. 

and M. College), “Reproduction Studies in Mature Fowl.” 

R. L. Svacha, B. L, Reid and J. R. Couch (Texas A. and M. College), 

“Studies on Cholesterol Feeding in the Chick.” 

C. M. Treat, B. N. Smith, R. L. Svacha, B. L. Reid and J. R. Couch 

(Texas A. and M. College), “Fatty Liver Syndrome in the Mature 

Fowl.” 

W. P. Williams, B. L. Reid and J. R. Couch (Texas A. and M. Col¬ 

lege) , “Carotenoid Deposition in the Chick.” 

A. Y. Elliott and R. K. Guthrie (North Texas State College), “Im¬ 

mune Response in Mouse Leukemia.” 

R. K. Guthrie and J. W. Moore (North Texas State College), “Some 

Aspects of Resistance to Staphylococcus Infection in the Mouse.” 

Sanders T. Lyles (Texas Christian University), “Studies on Inhibition 

of Agglutination in Vibrio cholerae.” 
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DIVISION D 

Omer E. Sperry, Presiding (Joint Meeting with Section V). 

Gerald R. Raun (The University of Texas), “Terrestrial and Aquatic 

Vertebrates of a Moist, Relic Area in Central Texas.” 

Lawrence Curtis (Fort Worth Zoological Park and Texas Christian 

University), “The Zoological Park as a Teaching Aid.” 

Howard T. Odum (Institute of Marine Science), “More Efforts to 

Compute the Dollar Value of the Marine Resources.” 

A. C. Stinson (The Museum of Natural History of Houston), “Sug¬ 

gested Treatment of Venomous Animal Bites.” 

Joe M. Heiser, Jr. (Little Thicket Nature Sanctuary), Opportunities 

for Ecological Research in Natural Area Preserves.” 

Everett T. Dawsen (Texas Game and Fish Commission), “Conserva¬ 

tion in the Education of Scientists.” 

Saturday Morning, December 13 

DIVISION A 

Harry D. Thiers, Presiding. 

Anne Penny Newton (Temple Junior College), “Observations on 

Triatomids.” 

Donald Duncan, S. R. Julian and Don Micks (The University of Texas 

Medical Branch), “Electron Microscope Studies on Avian Malaria 

Parasites.” 

John D. Haesly (North Texas State College), “The Ma-Ray Fungi: 

A Morphological Study of Carbohydrate Utilization.” 

James R. Lott (North Texas State College), “Onion Root and Avena 

Coleoptile Growth in Irradiated Rat Blood Serum.” 

A. F. Beyer and J. E. Winstead (Midwestern University), “Petrified 

Wood from Freestone County, Texas.” 

Archie W. Roach (North Texas State College), “The Use of the Com¬ 

munity Coefficient as a Quantitative Tool in Phytosociology.” 

DIVISION B 

Howard T. Odum, Presiding. 

Edward J. Massaro and A. R. Schrank (The University of Texas), 

“Chemical Inhibition of Segment Regeneration in Eisenia foe- 

tidaP 

Wendel Keith Osteen (The University of Texas Medical Branch), 

“Regeneration and Repair in the Intestine of Amphibia.” 
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O. B. Wiswell (The University of Texas Dental Branch), “The Ef¬ 

fect of Adrenalectomy, Castration and Hypoxia on Strong A 

Mice.” 

Henry C. Browning, William A. Sadler and Wilma D„ White (The 

University of Texas Dental Branch), “Inhibition of Growth of 

Transplanted Adrenal Cortical Tumors of Mice by Sex Steriods.” 

Arnold Zimmerman (The University of Texas Medical Branch and 

Baylor University College of Medicine), “Origin, Migration and 

Distribution Patterns of Pigment Producing Cells (melanocytes) 

in the Fetal Negro Skin.” 

John A. Allen and Harold L. Dobson (Baylor University College of 

Medicine), “Cytochrome Oxidase and Cytochrome Reductase 

Level in Muscles from Nerve Sectioned from New Zealand White 

Rabbits.” 

Section 111—Social Sciences 

Friday Morning, December 12 

Gordon V. Anderson. Presiding. 

C. C. Doak (Texas A. and M. College), “Summer Science Enrichment 

Programs for the Academically Talented.” 

Alan Humphreys (The University of Texas), “Some Factors Which 

Appear Significant in the Teaching of 7th, 8th and 9th Grade 

Science.” 

Walter Firey (The University of Texas), “Conditions for the Realiza¬ 

tion of Values Remote in Time.” 

E. Gartley Jaco (The University of Texas Medical Branch), “The 

Social Epidemiology of Mental Disorders in Texas.” 

Oliver H. Brown (The University of Texas), “The Relationship Be¬ 

tween Verbal-Quantitative Ability and Certain Personality and 

Metabolic Characteristics.” 

L. S. Paine (Texas Engineering Experiment Station), “The Changing 

Geography of Industrial Location.” 

James R. Bradley (Texas Engineering Experiment Station), “Indus¬ 

trial vs. Consumer Marketing—Factors in the Economic Growth 

of Texas.” 

Friday Afternoon, December 12 

James L. McCary, Presiding. 

Raymond L. Britton (University of Houston College of Law), “The 

Role of the Psychologist as an Expert Witness.” 
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Jack Tracktir (Baylor University College of Medicine) and James L. 

McCary (University of Houston), “The Psychologist as an Expert 

Witness—Some Do’s and Don’ts.” 

James L. McCary (University of Houston), “Tape Recording of a 

Psychologist’s Testimony under Cross-Examination.” 

Saturday Morning, December 13 

Gordon V. Anderson, Presiding. 

Edward A. Brandes (United States Air Force Language School), “The 

U.S. in a New World.” 

Eugene S. Richards (Texas Southern University), “The Teaching of 

the Social Sciences in a Dynamic Society.” 

F. J. King, Pat Wickwire, and J. B. Reid (The University of Texas), 

“An Investigation of Interrelationships of Family Life Style, Sex 

Role, and Selected Personality Measures and Some Aspects of 

Creativity in Children.” 

Eldon D. Brinley (Texas College of Arts and Industries), “Exercise as 

a Factor in Health.” 

George W. Domke (Texas Southern University), “The Spirit of the 

Entrepreneur in France, 1852-1870.” 

Section IV—Earth Sciences 

Friday Morning, December 12 

Horace R. Blank, Presiding. 

John J. W. Rogers and Michael McEwen (The Rice Institute), “Size 

Distribution of Non-Transported Sediments.” 

Alonzo D. Jacka (The Rice Institute), “The Specific Environmental 

Significance of Stratification.” 

Louis S. Kornicker and Charles M. Hoskins (The University of Texas 

Institute of Marine Science), “Bio-Geology of Alacran Reef, Cam¬ 

peche Bank, Yucatan, Mexico.” 

P. H. Masson (Humble Oil and Refining Co.), “The Origin and Eco¬ 

nomic Importance of Limestone.” 

Friday Afternoon, December 12 

Horace R. Blank, Presiding. 

Robert Greenwood (University of Houston), “Geology of the Mustang 

Hill Laccolith, Uvalde County, Texas.” 

Walter T. Huang (Baylor University), “Palagonite Tuff from Alpine, 

Texas.” 
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Samuel P. Ellison, Jr. (The University of Texas), “Costs of Geologic 

Education.” 

J. R. Lumby (Texas A. and M. College), “The IGY World Data Cen¬ 

ters for Oceanography.” 

J. Brian Eby (Consulting geologist, Houston), “Geology and Geophys¬ 

ics in the Soviet Union.” 

Eddie V. Gray (E. J. Gray Oil Co., Baytown), “Geology, Ground 

Water, and Surface Subsidence in the Baytown-LaPorte Area, 

Harris County, Texas.” 

Joseph D. Martinez (Humble Oil and Refining Co., Houston), “Rock 

Magnetism and Polar Wandering.” 

Saturday Afternoon, December 13 

Field trip: Evidence of recent fault movements and surface subsi¬ 

dence in the Houston-Galveston area. 

Leaders: Paul Weaver and Eddie V. Gray. 

Section V—Conservation 

Friday Afternoon, December 12 (Joint meeting with Section II). 

Saturday Morning, December 13 

Omer E. Sperry, Presiding. 

Olan W. Dillon, Jr. (U. S. Soil Conservation Service), “Land Manage¬ 

ment for Wildlife as Part of a Basic Conservation Program.” 

John J. Sperry (Texas A. and M. College), “Some South-Central 

Texas Plants Worthy of Conservation.” 

Thadis W. Box (Texas A. and M. College and Welder Wildlife Foun¬ 

dation), “Multiple Use of Range Lands, A Good Conservation 

Measure.” 

Garlyn O. Hoffman (Texas A. and M. College Extension Service), 

“Range Management Training for 4H Club and FFA Boys.” 
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Comparative Antibiotic Resistances of Staphylococci 

From Hospital and Non-Hospital Sources 

by CLIFTON E. DOWELL* and SANDERS T. LYLES 

Texas Christian University 

This study of comparative antibiotic resistances was undertaken 

to determine the extent to which staphylococci isolated from skin swabs 

of young, apparently healthy adults and those isolated from hospital 

patients differed in their respective resistances to eight antibiotic agents 

which are presently in use. These studies were made on populations 

of patients and college students without reference to previous his¬ 

tories of illness or treatment. The work of many investigators has 

indicated that organisms from hospital environments tend to show 

more antibiotic resistance, but results of other experimenters have 

suggested that antibiotic resistant staphylococci also appear in healthy 

populations where large quantities of antibiotics are being used. 

The problem of antibiotic resistance in the staphylococci has been 

investigated by numerous workers including Lepper, et al. (1953), 

who noted that in a five month period the percentage of erythromycin 

resistant strains of staphylococci increased from 0 to 70 per cent, 

aureomycin resistant from 35 to 80 per cent, but the percentage of 

penicillin resistant strains during the same period decreased from 50 

to 35. Increase in the percentage of strains resistant to the tetracyclines 

and decrease in percentages to chloramphenicol has been observed by 

Kirby and Ahern (1953). Schneierson (1952), in testing sensitivity 

* Present address: Department of Microbiology, University of Texas Southwestern 

Medical School, Dallas, Texas. Pre-doctoral Research Fellow (Ref. EF6575) of the 

National Institute of Allergy and Infectious Diseases of the Public Health Service. 

The authors wish to express their appreciation to the Raltimore Biological Com¬ 

pany for donating the Eugonbroth used in this work. Appreciation is also expressed 

to Case Laboratories, Incorporated, for the donation of multidisks, and to the follow¬ 

ing institutions for donations of antibiotics: 

The Squibb Institute (E. R. Squibb Company) 

Charles Pfizer and Company, Inc. 

Lilly Laboratory for Clinical Research (Eli Lilly and Company) 

The Upjohn Company 

Parke, Davis and Company 

Lederle Laboratories Division (American Cyanamid Company) 
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to aureomycin and chloramphenicol, noted that, although there was a 

marked variation in susceptibility, resistance seemed to be increasing. 

Weil and Stempel (1953), however, from studies on the antibiotic 

sensitivity of microorganisms isolated in a general hospital, noted no 

general increase in the percentage of resistance when compared with 

a similar series investigated in 1950-52. In more direct relation to the 

subject with which this paper deals, Engley (1955) noted that air¬ 

borne organisms from outdoor areas, homes, and business establish¬ 

ments showed patterns of relatively low resistance to various anti¬ 

biotics, but organisms from certain hospital and clinic areas revealed 

patterns of increased resistance. This was not always true, and he 

concluded that the microbial population in some hospital areas may 

reflect not only the antibiotic in use. but may also represent a residual 

antibiotic resistant flora of potentially dangerous invaders for patients. 

Other investigations were made by Barber and Whitehead (1949), 

Forbes (1949), Wallmark (1953), and Wise, et al. (1954). The work 

has been continued by a number of investigators. The results obtained 

by the following, among many others, have significant bearings on 

the problem at hand. 

Lund and Sylvest (1956) found penicillin resistance in 54 per cent 

of the strains of staphylococci isolated from aged patients in a hospital 

in Copenhagen; strains isolated from staff members showed 37 per cent 

resistant, but those from healthy patients only 12 per cent. A few 

strains isolated from patients were resistant to streptomycin, Chloro¬ 

mycetin, aureomycin, and tetracycline, but none of the isolates from 

staff members or healthy individuals showed resistance to these 

antibiotics. 

Hinton and Orr (1957) found over 75 per cent of the coagulase 

positive strains of staphylococci isolated from hospital staff resistant 

to penicillin; the percentage in strains from inpatients dropped to 

62.9, from hospital dust to 48.1, in outpatients to 22.1 and in students 

to 6.5. Tetracycline resistance was 48.3 per cent in inpatients and 35.2 

in hospital staff, but much lower in the other groups. No strains iso¬ 

lated from students and less than two per cent isolated from outpatients 

showed resistance to Chloromycetin and erythromycin, but the per¬ 

centages ranged from 4.9 to 11.7 in strains isolated from hospital dust 

and inpatients. In general, data parallel to these resulted from broad 

investigations by Wise, Cranny, and Spink (1956). 

MATERIALS AND METHODS 

The medium used in these studies was Eugonbroth (Baltimore 

Biological Laboratories). The organisms were collected from the skin 
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surface of the neck by means of smears with cotton swabs, sterilized 

in tubes of Eugonbroth. After collection, swabs were returned to the 

broth tubes for incubation at 37 C for 24 hours. Material from broth 

tubes was then streaked for colony isolation on plates of Eubonbroth 

plus 2 per cent agar. After incubation, colonies were selected and trans¬ 

ferred to stock slants of the same medium. The slants were incubated 

for 24 hours at 37 C and then placed in a refrigerator. 

The organisms were collected from inpatients at John Peter Smith 

Hospital and from apparently healthy students at Texas Christian 

University. Those collected at the hospital were taken mainly from 

patients in the contagious ward, although a few were obtained from 

patients in other areas of the hospital. A record was kept of each pa¬ 

tient’s name and illness. 

The measurement of antibiotic resistance was approached in a 

quantitative manner in order to gain a sound basis for comparison. 

The paper disk method is not quantitative and was used only as a 

comparison in tests involving forty resistant strains. The tube dilution 

method was first tried, but later discarded in favor of the more rapid 

plate dilution technique. Serial dilutions of the antibiotic were prepared 

in 20 ml of sterile water. Ten flasks containing 180 ml of Eugonbroth 

plus 2 per cent agar were prepared and sterilized. After cooling, the 

serial dilutions of the antibiotic were added. Final concentrations of 

antibiotic ranged from 100 to 0.39 micrograms/ml. One flask contained 

no antibiotic and served as a control. 

Plates were poured from each flask, and the medium was allowed to 

harden. The outside of each of the ten plates in a series was marked off 

into eight divisions. A separate organism was streaked from an 18 hour 

Eugonbroth culture, inoculated from a stock slant, on each of the divi¬ 

sions. All plates were examined after incubation for 24 hours at 37 C. 

All staphylococci were tested for the presence of coagulase as an index 

to their pathogenicity, by use of the slide test with Warner-Chilcott 

diagnostic plasma. Coagulase positive strains were typed by the bac¬ 

teriophage typing method of Blair and Carr (1953). 

RESULTS 

Table 1 summarizes the results of the antibiotic sensitivity testing 

of 66 strains of staphylococci isolated from students and a like number 

of hospital strains. The second column indicates antibiotic concentra¬ 

tions selected as representing most adequately the dividing line be¬ 

tween resistant and susceptible strains. When the percentages of 

strains showing growth were plotted against concentrations of antibi¬ 

otic, there was usually a sharp drop in the curve separating the resis- 
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Table 1 

Resistance of hospital and non-hospital strains of Staphylococci to various Antibiotics 

Per-Cent Resistant Strains 
Antibiotic Micrograms/ML Non-Hospital Hospital 

Chloromycetin . 6.25 0 8 

Erythromycin . .39 8 25 

Tetracycline.. . .39 7 50 

Oleandomycin . 1.56 18 30 

Terramycin . .39 26 79 

PA-775 ..39 25 60 

Penicillin .39 32 70 

Streptomycin . 25.0 42 70 

tant from the susceptible strains. Resistance to streptomycin, however, 

decreased stepwise, and a concentration of 25 micrograms per ml was 

chosen arbitrarily. These results show a marked difference in the per¬ 

centage of resistant strains from hospital and non-hospital environ¬ 

ments with respect to antibiotics such as penicillin and tetracycline, 

which are in common use in the hospital. The percentage of the 

resistance of strains to antibiotics other than penicillin, however, is 

greater than is usually reported. 

Table 2 shows a comparison of antibiotic resistances of coagulase 

positive strains isolated from hospital and non-hospital environments. 

The results are essentially the same as shown on Table 1 except for 

streptomycin, for which the percentage of resistant strains from a 

non-hospital environment is slightly higher than that of the hospital. 

Table 3 compares the relative resistances of 50 coagulase positive 

and 50 coagulase negative strains of staphylococci without regard to 

Table 2 

Resistance of coagulase positive hospital and non-hospital strains of staphylococci to 

various antibiotics. 

Per-Cent Resistant Strains 
Antibiotic Micrograms/ML Non-Hospital Hospital 

Chloromycetin . 6.25 0 9 

Erythromycin .   .39 5 9 

Tetracycline .   .39 9 39 

Oleandomycin .   1.56 5 13 

Terramycin .   .39 33 76 

PA-775 .    .39 29 38 

Penicillin .    .39 33 71 

Streptomycin . 25.0 67 57 
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Table 3 

Resistance of coagulase positive and coagulase negative staphylococci without regard 

to source to various antibiotics. 

Per-Cent Resistant Strains 
Antibiotic Micrograms/ML Coagulase + Coagulase — 

Chloromycetin .    6.25 2 10 

Erythromycin.  .39 8 30 

Tetracycline .   .39 22 46 

Oleandomycin . 1.56 10 40 

Terramycin .   .39 46 60 

PA-775 .  39 34 56 

Penicillin ..   .39 44 70 

Streptomycin . 25.0 60 70 

their place of isolation. In all instances there is a higher percentage of 

resistant strains among the coagulase negative isolates. 

Bacteriophage typing failed to yield any definite information. With 

the strains which were typable, no correlation between type and 

resistance or between type and source could be found. No definite 

correlation between results of paper disk and plate dilution methods 

were obtained, since the paper disk method is not quantitative. 

DISCUSSION 

The hospital isolates show the greater number of resistant strains 

to most antibiotics; however, it should not be overlooked that a number 

of highly resistant strains were isolated from students, which suggests 

that some changes might have taken place in the sensitivity of staphy¬ 

lococci found in the general population since the work of Wise, et al. 

(1954), and Wallmark (1953) who reported few, if any, strains of 

staphylococci isolated from the general population are highly resis¬ 

tant to any other agent than penicillin. Geographic differences or dif¬ 

ferences in experimental methods, however, may account for the 

differences in observed experimental results of the sensitivity of 

staphylococci strains isolated from the general population. 

In general, the tested coagulase negative strains showed a slightly 

higher antibiotic resistance than the coagulase positive. 

SUMMARY 

Strains of staphylococci isolated from hospital patients and college 

students were compared with respect to resistance to eight antibiotics. 

A greater proportion of the hospital strains showed resistance to most 
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antibiotics, although the proportion of resistant strains from students 

was higher than had been previously reported from non-hospital 

sources. 

ACKNOWLEDGMENTS 

This problem was suggested by Orville Wyss of The University of 

Texas and facilitated by the cooperation of the staff of John Peter 

Smith Hospital, Fort Worth. 

LITERATURE CITED 

Barber, M., and J. E. M. Whitehead, 1949—Bacteriophage types in penicillin re¬ 

sistant staphylococcal infection. Brit. Med. J., 2: 565-569. 

Blair, J. E., and M. Carr, 1953—The bacteriophage typing of staphylococcus. J. 

Infect. Dis., 93: 1-13. 

Engley, F. B., Jr., 1955—Antibiotic resistance of airborne organisms. Bad. Proc., 

M59: 79-80. 

Forbes, G. B., 1949—Infection with penicillin resistant staphylococci in hospitals 

and general practice. Brit. Med. J., 2: 569-571. 

Hinton, N. A., and J. H. Orr, 1957—Studies on the incidence and distribution of 

antibiotic resistance staphylococci. J. Lab. & Clin. Med., 49: 566-572. 

Kirby, W. M., and J. J. Ahern, 1953—The changing pattern of resistance of staphy¬ 

lococci to antibiotics. Antib. & Che mo., 3: 831-835. 

Lepper, M. H., H. F. Dowling, G. G. Jackson, B. Moulton, and H. Spies, 1953— 

Effect of antibiotic usage in hospital on the incidence of antibiotic resistant 

strains among personnel carrying staphylococci. J. Lab. & Clin. Med., 42: 832. 

Lund, E., and 0. Sylvest, 1956—Occurrence of resistant staphylococci in an institu¬ 

tion for the aged in Copenhagen. J. of Gerontology, 11: 83-89. 

Schneierson, S. S. 1952—Changes in bacterial sensitivity to aureomycin and 

chloramphenicol in the course of the past three years. 7. Lab. & Clin. Med., 

40: 48. 

Wallmark, G., 1953—Bacteriophage types, sensitivity to antibiotics, and penicil¬ 

linase production of Staphylococcus aureus (pyogenes). Acta Societatis Medi- 

corum Upseliensis, 59: 3-4, 209-237. 

Weil, A. J., and B. Stempel, 1953—Further studies on the antibiotic sensitivity of 

microorganisms isolated in a general hospital. Antib. & Chemo., 3: 1135-1140. 

Wise, R. I., C. L. Cranny, and W. W. Spink, 1954—A comparative study of the 

distribution of antibiotic resistant staphylococci among different environmental 

groups. 7. Lab. & Clin. Med., 44: 956. 

-,-.-, 1956—Epidemiologic studies on antibiotic- 

resistant strains of Micrococcus pyogenes. American 7. of Med., 20: 176-184. 



Effects of X-Irradiation on a Natural Population of the 

Wood-Mouse (Peromyscus leucopus)1 

by W. FRANK BLAiR and T. E. KENNERLY, JR. 

The University of Texas, and Baylor University 

INTRODUCTION 

This work on wood-mice was done in an attempt to learn the effects 

on a natural population of an increased mutation rate induced by 

gonadal x-irradiation of the males. The study population was located in 

southern Texas, in Live Oak County, about seven miles northwest of 

George West, Texas. The work was begun in the fall of 1952 and con¬ 

tinued through the spring of 1957. A comparable study of the deer- 

mouse (Peromyscus maniculatus) has been recently reported (Blair* 

1958). 
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METHODS 

The study plot was established on an uncultivated ranch in an area 

of dense brushy vegetation. Characteristic plants included: mesquite 

(.Prosopis juliflora), live oak (Quercus virginiana), catclaw (Acacia 

sp.), and prickly-pear cactus (Opuntia lindheimeri). Nest boxes were 

utilized in this study and were of two types. Nest boxes partially 

buried in the ground were adapted after Howard (1949), and other 

nest boxes without wooden tunnels were placed in trees at heights of 

1 This work was done under AEG Project No. AT-(40-1)-1323 and AT-(40-1)- 

1751. 
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five to seven feet. The ground and tree boxes were interspersed in a 

rough grid pattern and covered an area which measured about 2620 

feet in length and about 2040 feet in width. The wood-mice utilized 

the boxes only during the colder parts of the year, from October until 

April, and may have lived in hollow trees and small openings in the 

ground during the warmer months. Scorpions were found often in 

ground boxes and wasps were found occasionally in tree boxes. Mam¬ 

mals other than wood-mice found in the boxes were 13 harvest mice 

(.Reithrodontomys fulvescens) in tree boxes only, and one least shrew 

0Cryptotis parva) in a ground box. Other vertebrates found in the 

boxes included one rusty lizard (Sceloporus olivaceus) in a ground 

box, numerous racers (Masticophis taeniatus) in both types of boxes, 

and several Bewick’s wrens (Thryomanes bewicki) which occa¬ 

sionally built nests in tree boxes. 

The boxes were checked every seven to ten days. The mice were 

marked by ear-punching and toe-clipping. In litters of mice too young 

to be marked, the number, estimated age, and sex of the young mice 

were recorded. Beginning in the 1954-55 season, sexually mature 

males (five weeks or more of age) were brought to the laboratory in 

Austin for a single x-ray dosage of 700r at rates of 90 to lOOr per 

minute and subsequently returned to the study population. Percent¬ 

ages of male irradiated in each of three seasons are as follows: 1954- 

55, 48.9%; 1955-56, 84.2%; 1956-57, 91.3% (Table 1). 

BIOLOGY OF WOOD-MOUSE IN SOUTHERN TEXAS 

BREEDING SEASON 

The period of reproductive activity is confined to the colder months 

of the year (Table 2, 3) with no evident breeding activity in summer. 

Population size probably declines to an annual minimum in late 

August and early September (just prior to the onset of breeding in the 

Table 1 

Number of Wood-Mice known to have reached three weeks or more of age on 

the area. 

Period Number of Mice Remarks 

1952-1953 27 No 8 8 Irradiated 

1953-1954 91 No 8 8 Irradiated 

1954-1955 73 48.9% 8 8 Irradiated 

1955-1956 36 84.2% 8 8 Irradiated 

1956-1957 44 91.3% 8 8 Irradiated 
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fall) considering continuing attrition while the population is repro- 

ductively inactive. Records of litters in nest boxes (Table 2) indicate 

that reproductive activity begins in September, apparently earlier 

than in Peromyscus maniculatus in central Texas (Blair, 1958), 

reaches a peak in February, and terminates by late April. It is thought 

that the occurrence of fewer litters in nest boxes in the fall of 1954 and 

1955 was due to climatic factors rather than a significant decrease in 

reproductive activity. A similar phenomenon occurred in P. mani¬ 

culatus (Blair, op. cit.) during the same two seasons indicating a wide¬ 

spread rather than a local climatic effect. 

Table 2 

Litters of Wood-Mice recorded in nest boxes by two-week periods. 

Period 1952-53 1953-54 
Seasons 

1954—55 1955-56 1956-57 
Totals 

Total % of all 

Sept. 26-Oct. 10 2 2 3.7 

Oct. 11-Oct. 25 1 1 1.9 

Oct. 26-Nov. 9 1 1 2 3.7 

Nov. 10-Nov. 24 3 2 5 9.3 

Nov. 25-Dec. 9 2 1 3 5.5 

Dec. 10-Dec. 24 1 1 1 3 5.5 

Dec. 25-Jan. 8 3 1 1 5 9.3 

Jan. 9-Jan. 23 1 1 2 4 7.4 

Jan. 24—Feb. 7 2 2 4 7.4 

Feb. 8-Feb. 22 2 6 1 9 16.7 

Feb. 23-Mar. 9 2 4 1 2 9 16.7 

Mar. 10-Mar. 24 1 1 1 3 5.5 

Mar. 25-April 8 1 1 2 4 7.4 

Totals 6 17 12 5 14 54 100.0 

A female which lives through the breeding season may produce four 

or possibly more litters. Only one instance of four litters by a single 

female during a breeding season was recorded, however. Of 38 other 

females which produced one or more litters in the boxes during five 

seasons of study, 19 were recorded with one litter, four with two lit¬ 

ters and four with three litters. These females may have produced one 

or more litters in addition to those recorded in the nest boxes. No 

female was observed to produce litters during more than one breeding 

season, but this undoubtedly does occur in cases of females surviving 

the summer. 

Figure 1 indicates the trend of population size during the colder 

months. Time periods are presented by months rather than by shorter 
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periods so that irregularities in numbers of mice fluctuating in sym¬ 

pathy with climatic factors are less evident, and the more general 

trend in population size is emphasized. The maximum number of 

mice recorded in the boxes was in January or February of each year. 

Table 3 

Number of “New” Wood-Mice marked by months. 

Month 1952-53 1953-54 1954-55 1955-56 1956-57 Total Percent 

September 1 1 0.3 

October 4 1 1 6 1.7 

November 1 20 4 12 37 10.2 

December 17 20 11 8 56 15.5 

January 11 51 19 7 15 103 28.4 

February 25 14 31 11 5 86 23.8 

March 4 25 18 1 8 56 15.5 

April 10 1 5 1 17 4.7 

Total 51 133 89 40 49 362 100.1 

Percent 14.1 36.7 24.6 11.1 13.5 

Fig. 1. Numbers of wood-mice found in nest boxes over five seasons of study. Records 

pooled within months. 
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February, 1953; January, 1954; February, 1955; February, 1956; and 

January, 1957. The decline in population size indicated for early 

spring, especially March, may be deceptive because higher tempera¬ 

tures may encourage the mice to occupy habitations other than in the 

boxes. 

Survival of marked mice from one season to the next (Table 4) was 

very low and the early fall population seemingly consisted mostly of 

Table 4 

Length of time (to nearest week) mice were recorded on plot and thus are known to 

have remained alive in five seasons. 

Time No. Mice Percent Time' No. Mice Percent 

Recorded once 202 57.5 15 weeks 2 0.5 

1 week 33 9.4 16 weeks 1 0.3 

2 weeks 28 8.0 18 weeks 1 0.3 

3 weeks 10 2.8 20 weeks 1 0.3 

4 weeks 10 2.8 24 weeks 1 0.3 

5 weeks 10 2.8 33 weeks 1 0.3 

6 weeks 7 2.0 34 weeks 1 0.3 

7 weeks 5 1.4 44 weeks 1 0.3 

3 weeks 8 2.4 47 weeks 1 0.3 

9 weeks 8 2.4 52 weeks 2 0.5 

10 weeks 5 1.4 59 weeks 1 0.3 

11 weeks 5 1.4 106 weeks 1 0.3 

12 weeks 1 0.3 107 weeks 1 0.3 

13 weeks 3 0.8 Total 351 

14 weeks 1 0.3 

mice bom too late in the spring to have been marked in the boxes. The 

following tabulation summarizes the carryover of marked mice from 

one season to the next: one male and two females from 1952-53 to 

1953-54, three females from the latter season to 1954-55 (two of 

these survived until the 1955-56 season), two males from 1954-55 to 

1955-56 and one male and one female survived from 1956 to 1956-57. 

Thirteen harvest mice, Reithrodontomys fulvescens, were marked 

in tree boxes, between September and December in 1953. This species 

was not recorded on the study plot subsequent to December, 1953. The 

reason for this curious fact is not known. One female harvest mouse 

produced two litters in the same tree box, four young in the first litter 

(September 26, 1953) and six young in the second litter (October 

25,1953). 
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DISPERSAL 

It is clear that a high rate of dispersal of young wood-mice on at¬ 

taining sexual maturity might maintain the study population through 

immigration despite adverse irradiation effects. In addition, extensive 

dispersal would spread radiation-induced genetic changes widely 

throughout the population. The fixation of induced mutations would be 

slowed also. 

Dispersal distance was determined by following young mice found 

with the mother to an age of five or six weeks at which age sexual ma¬ 

turity is attained. Howard (1949) reported in Michigan that only one 

fifth of the deer-mice born lived to sexual maturity. There were only 

25 recaptures of a total of 209 marked young mice in the present study. 

Thus, 88.1 % of the young mice were not recorded after being marked 

and presumably succumbed to environmental pressure or dispersed 

beyond the limits of the study area. Thirteen females and twelve males 

were recaptured. Dispersal distances were as follows: 10 males dis¬ 

persed less than 330 feet; one dispersed 400 feet and one dispersed 

690 feet; eight females dispersed less than 330 feet and five dispersed 

distances of 530, 635, 720, 750 and 1000 feet. 

SOCIAL BEHAVIOR 

Methods employed in this study did not permit the determination 

of center-of-activity or home-range. Social aggregations of mice and 

individual movement over the study plot were observable. Pairing is 

relatively permanent in the deer-mouse, and a a male and female 

associated during the breeding season and thus showed behavior com¬ 

parable to that reported for P. maniculatus in Michigan (Howard, 

1949) and in Texas (Blair. 1958). Eight pairings of adult male and 

female wood-mice were noted but in only one instance was a male 

recorded with a female and a litter. These data are too few to imply 

that P. leucopus is different from P. maniculatus in this aspect of social 

behavior. Females with suckling young occasionally moved their litters 

from one box to another. It is possible that this behavior was encour¬ 

aged by the disturbance necessarily associated with checking the nest 

boxes. One instance was noted in which a female reacted to this dis¬ 

turbance by biting and breaking the hind leg of one of her offspring. 

Infrequently a social aggregation in a box included a female with a 

suckling litter and part of a previous litter. Sexually mature wood-mice 

usually remain in a relatively small area for the duration of their 

lives. One female mouse has recorded on the study plot for a period of 

107 weeks. Occasionally, old individuals (evidenced by pelage and 
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appearance of ears and tail) were recorded but once in the study area 

and may have been itinerant mice. 

In general, the population dynamics of P. leucopus and, specifically, 

the correlation of occupancy of nest boxes with climate was similar to 

that reported by McCarley (1958) for the golden mouse (P. nuttalli) 

in eastern Texas. Like P. leucopus, the golden mouse is somewhat 

arboreal and was recorded in both tree and ground boxes from Novem¬ 

ber through March. McCarley, however, reported a significant de¬ 

crease in the use of nest boxes as early as the first two weeks of Febru¬ 

ary, even though the population density of nuttalli was still increasing. 

NEST BOX PREFERENCE 

McCarley (op. cit.) found that the golden mouse showed no prefer¬ 

ence for either type nest box. Such is not the case in P. leucopus. The 

wood-mouse does indicate a preference for tree boxes. Table 5 depicts 

nest box preference correlated with season. In computing Chi-Square 

Table 5 

Nest box preference corresponding with season (5 seasons). 

Records by Season 
Classes by place Winter Non-winter Total 

Ground box ... . 191 53 244 

Tree box.. 167 63 230 

Empty nest boxes .............. 5361 4183 9544 

Total .    5719 4299 10,018 

values, the nest box records were grouped as “winter” (December, 

January, February) and “non-winter” (September, October, Novem¬ 

ber, March and April). Winter records indicate a preference for tree 

boxes which is statistically insignificant below the 5 % level probabil¬ 

ity, with a Chi-Square value of 1.92. Nest box records grouped in the 

“non-winter” period indicate a preference for tree box habitation 

with a Chi-Square value of 6.0 which is significant beyond the 2% 

level of probability. The Chi-Square test was also applied to the cor¬ 

relation of tree box preference with season (‘winter’ and ‘non-winter’) 

and the resulting value of 70.6 is extremely significant. Thus, from 

September until April, the period of nest box occupancy, the deer-mice 

demonstrated a preference for tree boxes over ground boxes. This 

preference is most evident during the “non-winter” period when the 

superior insulation of the buried ground boxes is of less importance. 
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Low temperature in winter is thought to be a principal factor in de¬ 

creasing the proportional use of tree boxes during that season. 

RESULTS 

If two generations a year are assumed, mice born in the spring of 

1957 could theoretically have had six male ancestors each of which 

had received 700r x-ray dosage at sexual maturity. Fixation of radia¬ 

tion-induced mutations would be favored by the high incidence of 

inbreeding dictated by the social system of these mice. The phenome¬ 

non of “point mutations” (Russell, 1954), i.e., mutations of undetected 

structural change, is poorly known in mammals and in the present 

study no cytological examinations were undertaken. No phenotypic 

indications of mutations were discernible which can be definitely 

attributed to irradiation. Two instances of anomalous structures were 

observed, however: one adult male had an anomalous eye and a young 

male was bob-tailed. 

It has been established by many investigators that, within the 

range of approximately 400-1 OOOr, there is a period of fertility fol¬ 

lowed by an interval of sterility after which fertility returns. Russell 

{op. cit.) found reduction in litter size during the pre-sterile period. 

Lethal mutations would be expressed, of course, in the first generation 

with recessives expressed in successive generations. The present 

method of study reveals lethal mutation effects by reduced litter size 

and in part by a reduced number of litters per breeding season (Table 

6). The average number of young in 24 litters born before irradiation 

of males commenced was 4.46 ± .25 as compared to 3.40 ± .22 in 30 

litters born after irradiation of males commenced (after December, 

1954). The t-test value of 9.64 indicates a significant difference of the 

means beyond the 1% level of probability. Rlair (1958) reported a 

Table 6 

Litter size with irradiated (I) and non-irradiated (NI) males. 

Period No. Litters Ay. No. Young Remarks 

1952-53 6 

4.46 ± .25* 

1953-54 17 NIS $ 

1954-55 12 

1955-56 5 3.40 ± .22 

1956-57 14 IS T 

* Based on 24 litters, since one 1954-55 produced before irradiations included. 
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slightly greater reduction in litter size in P. maniculatus. After irradi¬ 

ation of males began, no attempt was made to discriminate between 

litters born to irradiated and non-irradiated fathers as the entire pop¬ 

ulation may have had one to several irradiated male ancestors. 

Disruption of the equilibrium between selection pressure and muta¬ 

tion pressure might be manifested by a change in population size 

(probably a decrease in numbers). This would be attributable in part 

to the demonstrated reduction in litter size. Table 1 records tabulations 

of population size for each season and is expressed as number of mice 

three weeks old or older as the mice were marked at about this age. 

The number of nest boxes was low during the 1952-53 season, there¬ 

fore the population size of 27 is not properly comparable to population 

sizes of subsequent seasons. Peak population size recorded during this 

study was 91 individuals in 1953-54. In 1954-55 irradiation of males 

began and the population numbers decreased to 73. In 1955-56, popu¬ 

lation size again decreased to 36 and increased to 44 in the last season 

of study, 1956-57. 

In addition to the reduction in number of young per litter there was 

also a reduction in the number of litters per season. Table 2 indicates 

the number of litters for each season by two-week intervals. The lowest 

number of litters in a season, five, was recorded during the 1955-56 

season when 84.2% of the males were irradiated. This was the first 

full season in which males were given gonadal X-ray dosages. It is 

worthy of note that during the following season, 1956-57, 14 litters 

were recorded with 91.3% of the males irradiated, indicating an ap¬ 

parent recovery in litter production by the population. The sex ratio 

did not vary in excess of the limits of chance during the period of 

study. 

DISCUSSION 

Muller (1954) pointed out that both spontaneous and induced mu¬ 

tations occur in a tripartite pattern: a relatively large group of lethal 

mutations, a relatively large group of mutations with invisible effects, 

and proportionately few mutations with visible effects. The first and 

last mentioned groupings may be subjected to analysis in this study, 

but recessive mutations are not demonstrable in this type of investiga¬ 

tion and their influence on the study population can only be assumed. 

Fluctuation in population numbers furnished an indication of 

deleterious genetic effects of irradiation. There was a marked decrease 

in population size following initiation of male gondal irradiation 

(Table 1). Reduction in population size accompanied and possibly re¬ 

sulted from reduced litter size and perhaps the reduction in number 
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of litters per season. Reduced litter size is attributed to lethal mu¬ 

tations. 

In order to account for the reduction in the number of litters re¬ 

corded during the first two seasons in which irradiation was carried 

out, 1954-55 and 1955-56, two factors should be considered. First, a 

smaller population size would result in fewer litters per breeding sea¬ 

son because of a lesser number of sexually mature females. One as¬ 

sumes that a male is available for copulation for every female at each 

breeding period during the reproductive season, although extremely 

little information is recorded on this aspect of mammalian natural 

history. Second, the period of sterility and perhaps the period of pre¬ 

sterility (reduced fertility) in irradiated males would lessen the num¬ 

ber of litters produced by a mated female per breeding season and thus 

would contribute to smaller population size. 

In view of the fact that populations of rodents of this genus are 

subjected to tremendous selective pressure (Blair, 1948, 1953), irradi¬ 

ation-induced lethal mutations may theoretically function in reducing 

population size. Below a critical level the population would experience 

increasing difficulty (through increasing interference with repro¬ 

ductive potential) in maintaining an equilibrium with environmental 

pressure. These are theoretical considerations and the exact manner in 

which the study population was maintained even though at a reduced 

size cannot be demonstrated with the evidence at hand. 

It was not practicable to establish a control plot but this is not re¬ 

garded as especially detracting from the results obtained because 

populations of P. leucopus show considerable local variation in popu¬ 

lation density in southern Texas, even in generally comparable eco- 

logic situations.) Blair (1958) reported a similar phenomenon for 

P. maniculatus. 

The total number of mice reaching three weeks or more of age was 

91 during the 1953-54 season and 17 litters were recorded. In 1954- 

55 (irradiation commenced in December, 1954) 73 mice reached 

three weeks of age and 12 litters were recorded. In the 1955-56 

season the number of three-week-old mice dropped to 36 with only 

5 litters recorded. In the final season of study, 1956-57, 44 mice 

reached three weeks or more of age and 14 litters were tabulated. 

Utilizing the data from the 1953-54 season as a “control” standard, 

subsequent data appear to indicate a decline in population suggested in 

1954-55 and evident in 1955-56 with the 1956-57 population size 

remaining low but possibly in equilibrium with selective forces. There 

are at least two interpretations of the recorded low number of litters in 
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1955-56. First, the apparent decrease in litter number may have been 

real or, secondly, a higher number of litters may have been produced 

in the study area, but elsewhere than in nest boxes and, thus, not re¬ 

corded. The available evidence does not permit a clear choice between 

these possibilities. 

In analyzing the population phenomena of these mice, there are in¬ 

dications that the correlation of litter production with population size, 

whether immediate (during the same breeding season) or delayed 

(effect on fall population numbers after the absence of breeding ac¬ 

tivity in summer), is not close. This might be attributed to density 

dependent effects, to the influence of climate on choice of a nursery 

site by the female, or the unknown rate of immigration from adjacent 

populations into the study area. 

Dispersal distance in this population is evidently limited; therefore, 

immigration is thought to have constituted an influence of minor 

consequence on maintenance of the population. There seems to have 

been an actual decrease in population numbers during the last two 

seasons of study, possibly as a consequence of irradiation of males. 

Blair (op. cit.) concluded that his study population of P. maniculatus 

remained in equilibrium during seasons of irradiation because of se¬ 

lective elimination of deleterious genetic combinations probably as a 

result of high predator pressure. 

Muller (1954) has defined the “critical mutation rate” as the level 

at which mutation rate exceeds the ability of the species to tolerate it. 

P. maniculatus males received 500r dosage in the above study and the 

population did not appear to exceed its critical mutation rate which 

was evidently high. In the present study P. leucopus males received 

700r dosage and the critical mutation rate (also thought to be high) 

seemed to be approached as the population seemed to register a mean¬ 

ingful loss in numbers. 

A generalized comparison of irradiation effects on the populations 

of these two species may be attempted. Tremendous selective forces, 

particularly predators, are thought to be principally responsible for 

the relatively high critical mutation rate in both species. It is not pos¬ 

sible to confidently compare critical mutation rates with the evidence 

at hand. It does seem probable that the increased X-ray dosage ad¬ 

ministered to males was more influential in determining the differ¬ 

ent population reactions of the two species than was a significant 

difference in critical mutation rate. 

Figure 1 depicts the numbers of wood-mice found in the nest boxes 

over five seasons of study. The maximum population peak was 
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reached during February in the first, third, and fourth seasons of 

study, and the population peak occurred in January during the second 

and fifth seasons of study. Climatic factors are thought to be basically 

responsible for this variation, probably by influencing an earlier be¬ 

ginning of litter production. In the second season of study, 1953-54, 

nine litters were recorded by December 9, 1953 and four litters were 

recorded by December 9, 1956 (fifth season of study). Only one litter 

was recorded by this date in 1955 and none by this date during the 

other two seasons (1952-53 and 1954-55). 

SUMMARY 

An attempt was made to upset the equilibrium between selection 

pressure and mutation pressure through irradiation of sexually mature 

male woodmice (Peromyscus leucopus). In south-central Texas a 

population was studied through the use of nest boxes. Following two 

years of observation, 1952-53 and 1953-54, gonadal X-ray dosage of 

700r commenced and continued through the 1956-57 season. 

Population dynamics of this species were pertinent to the methods 

used and the results obtained and agreed generally with studies of 

other species of this genus. Dispersal distance is short and replenish¬ 

ment of the study-population through immigration is regarded as 

slight. High population turn-over and short life span indicate high en¬ 

vironmental pressure. Mated pairs are relatively permanent during 

the breeding season which occurs in winter in south Texas. The wood- 

mice indicated a preference for tree boxes over ground boxes. 

Principal irradiation effects were reduction in litter size and re¬ 

duction in population numbers; both are attributed to radiation-in¬ 

duced lethal mutations. The “critical mutation rate” is thought to have 

been approached. 
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Drift-Fence Trapping of Lizards on the Black Gap 

Wildlife Management Area of Southwestern Texas 

by WILLIAM W. MILSTEAD 

Texas Technological College 

During July, 1952, as a part of a study on the interrelationships of 

four species of whiptail lizards (Cnemidophorus), experiments with 

drift-fence trapping of lizards were carried out in the mesquite-hui- 

sache association (of Thompson, 1953; Tamsitt, 1954) of the Black 

Gap Wildlife Management Area, southeastern Brewster County, 

Texas. Most of the observations relative to the study of whiptails have 

been reported previously (Milstead, 1957b, 1957c). The present re¬ 

port primarily concerns other species of the association and previously 

unreported weather conditions during the study. 

WEATHER 

Variations in air temperature and humidity were recorded with the 

aid of a sixes-type minimum-maximum thermometer and a Mason 

form hygrometer mounted in a weather box situated on a pedestal four 

feet above the ground in the center of the study area. Soil temperature 

was recorded with a centigrade thermometer with a carbon-blackened 

bulb hermetically sealed in a glass test tube. Readings were taken with 

the tip of the test tube buried about half an inch in the sand. Weather 

records began on July 9, 1952, the first day of the study, and termi¬ 

nated July 26, 1952, the last day of the study. 

Mornings in the trap area were typically bright and clear until 

shortly before noon at which time a cloud build-up usually began. The 

afternoons were typically overcast. Occasionally these overcasts pro¬ 

duced violent cloudbursts of short duration in the late afternoon or 

early evening. Such cloudbursts occurred on six afternoons during the 

period of study. 

The association studied is located in a natural bowl bounded by hills 

which rise to an elevation of 500 feet above the study area. For this 

reason, direct sunlight did not reach the area until about 7 a.m. Lizard 

activity began about 7:30 a.m., and the first species to appear was in¬ 

variably Cnemidophorus tigris. For most species in this area, the max- 
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irnum amount of activity on a typical day was found to be between the 

hours of 8 and 11 a.m. and 5 and 7 p.m. These hours include the “bask¬ 

ing range,” the “normal activity range,” and the “maximum volun¬ 

tary tolerance” described by Cowles and Bogert (1944). The normal 

activity range lasted about two hours in the morning and about an 

hour in the afternoon. The basking range and the maximum voluntary 

tolerance each lasted about half an hour in both the morning and the 

afternoon. The basking range was the time, as described by Cowles 

and Bogert, during which the lizards frequently paused during their 

activities to bask in the sun, and the maximum voluntary tolerance 

was the period during which the activities were punctuated by rest 

stops in the shade. The basking range, of course, preceded the max¬ 

imum voluntary tolerance in the morning and succeeded it in the 

afternoon. 

The average daily fluctuations in air temperature, soil temperature, 

and relative humidity were: 

Hour Air Temp. °C Soil Temp. °C Rel. Hum. 

0700 19.6 23.3 70.7 

0900 30.0 46.2 35.3 

1200 35.6 57.7 24.7 

1500 38.2 58.7 17.3 

1800 36.7 42.7 20.7 

Comparison of these figures with the hours of maximum lizard ac¬ 

tivity shows a closer correlation between lizard activity and soil tem¬ 

perature than air temperature or relative humidity. This is most easily 

seen by comparing the temperatures and relative humidity of 1200 

(wane of morning lizard activity) with that of 1800 (peak of after¬ 

noon lizard activity). 

The average minimum air temperature during the period of study 

was 21.2° C, and the average maximum was 37.1°. The lowest min¬ 

imum recorded was 18.9° C. on the 16th and 18th days of the study, 

and the highest maximum was 41.1° C. on the ninth day of the study. 

DRIFT-FENCE TRAPPING 

Eight drift-fence traps and six drift fences were used in the study. 

Both the traps and the fences were constructed of quarter-inch-mesh 

hardware cloth. The traps were two feet long by ten inches wide and 

ten inches high. A funnel which was six inches long and tapered to an 

opening of approximately two inches in diameter led into each end of 

the trap. The floor of each funnel was covered with dirt in an attempt 
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to simulate natural conditions, and each trap was covered by an over¬ 

hanging piece of pasteboard to protect the interior from the rays of the 

sun. Trap doors were used over the interior openings of the funnels 

during the first two days of operation but were discontinued there¬ 

after because the traps failed to catch any lizards during those two 

days. A few lizards were seen to turn away from the doors while they 

were present. 

The drift fences were ten inches high and tapered to fit the funnels; 

so that each funnel was divided in half from exterior to interior by the 

fences. This prevented the lizards from following a fence to a funnel, 

turning within the tunnel, and leaving on the opposite side of the fence 

without going into the trap. The bottom edge of each fence was buried 

in about an inch of soil to insure that the fences were tight to the 

ground. Sticks were used to brace the fences. As originally set up, there 

were six traps separated by fences 50 feet in length and with a wing 

fence 25 feet in length extending out from the end traps. After the 

second day of operation, a trap was added on to the free end of each 

wing fence. 

The traps and fences were arranged in a more or less north-south 

line through the association. The entire chain of traps and fences ex¬ 

tended for a distance of 309 feet. The north end of the line lay in a 

dense thicket of mesquite which gradually thinned along the line. 

Thus, the northern three traps were surrounded by mesquite, while 

the southern three traps were in an area which was virtually devoid of 

vegetation. 

The traps were not placed in operation until the third day of the 

study, namely July 11, because of difficulty in erecting the fences. The 

traps failed to catch any lizards until the fifth day of the study, the day 

following the removal of the trap doors. Once the traps began to catch 

lizards, checks were made every hour from 6 a.m. to 9 p.m. The time 

in between trap runs was spent in surveying the area in an effort to 

locate marked lizards away from the vicinity of the traps. Captured 

lizards were permanently marked by toe clipping, and temporarily 

marked by numerals painted on their backs with a fast-drying brushing 

lacquer. The toes were numbered so that no more than one toe per foot 

was removed, and the number of lizards captured during this study did 

not necessitate the damaging of more than two feet per lizard. The 

painted numerals permitted recognition of marked individuals with¬ 

out the necessity of recapture. Inasmuch as the arrangement of the 

traps approximated a straight line, any determination of a lizard’s ac- 
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tivity area was dependent upon recognition away from the traps and 

fences. 

The painted numerals remained legible anywhere from less than a 

day to the full period of study, dependent upon ecdysis and abrasion. 

The greatest difficulty encountered was that even if a part of a numeral 

became illegible, the number frequently could not be read with cer¬ 

tainty. This difficulty was overcome on another study during the sum¬ 

mer of 1958 by the use of splashes of different colored paints rather 

than numerals. Different colors of paint were used for each series of 

ten. A splash of paint on the head, for example, would be number 1,11, 

21, etc., according to the color. Other splashes, two through ten, were 

placed on the neck, between the forelimbs, one on each forelimb, in the 

center of the back, between the hindlimbs, one on each hindlimb, and 

over the base of the tail. Thus an individual lizard could be recognized 

as long as even a trace of paint remained. 

ACCOUNT OF SPECIES 

During this study, 66 lizards which represented five genera and six 

species were captured, marked, and released. The six species included: 

Holbrookia texana, Sceloporus magister, Uta stansburiana, Phryno¬ 

soma modestum, Cnemidophorus inornatus,1 and Cnemidophorus tig- 

ris. Of the 66 lizards, 40 were recovered at least once for a total of 122 

recoveries. (“Recovery,” as used here, means recognition and not 

necessarily recapture.) 

Holbrookia texana scitula Peters. Altogether, 11 individuals of this 

species were marked: five females and six males. Six of these were re¬ 

covered at least once for a total of 13 recoveries. The maximum records 

for any one individual included the initial capture and three recoveries. 

Most of the recoveries of these earless lizards were made in the traps 

and, therefore, very little can be said about their home ranges. One 

male and two females were recaptured only around the middle of the 

line, while one male was recaptured only in the traps of one end of the 

line. Possibly this indicates home range behavior. The longest recorded 

movement of any individual, a female, was approximately 175 feet. 

Evidence indicates that these lizards have a higher optimum tem¬ 

perature range than the other lizards of the area. Maximum morning 

1 Since the publication of my paper (1957a) which placed the name inornatus in 

the synonymy of perplexus, it has been found that the type of perplexus is of an 

entirely different species and should never have been confused writh the one referred 

to here. Thus, the name inornatus must be revived for the species here discussed. 
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activity of the other species studied occurred between 8 and 11 a.m., 

but the earless lizards appeared to be most active between 9 a.m. and 

noon. The earliest capture or recovery of any individual of this species 

was at 8:45 a.m. About a third of the records of Holbrookia were be¬ 

tween 11 a.m. and noon. 

These lizards apparently do not have permanent burrows, but avoid 

hot or cold temperature extremes by working into the sand in much the 

same manner as Phrynosoma platyrhinos (Cowles and Bogert, 1944, 

pis. 28, 29). When approached at a normal walking pace at night, they 

dart from these shallow burrows just in advance of the intruder and, 

thus, suggest nocturnal activity. Closer scrutiny of an area where they 

are known to occur and a more stealthy approach, however, permitted 

one to see them in their pockets at night. 

Sceloporus magister magister Hallowell. One male Desert Spiny Lizatrd 

was captured in one of the traps surrounded by mesquite trees about 

mid-morning on the fourth day of the study. It was seen again six days 

later about mid-afternoon in a mesquite tree near the trap where it was 

originally caught. 

Uta stansburiana stejnegeri Schmidt. Five Side-blotched Lizards, one 

female and four males, were marked during the study. Of these, four 

were recovered at least once for a total of 12 recoveries. The maximum 

number of records for any one individual was five. As with Holbrookia 

texana, most of the recaptures of Uta stansburiana were made in or 

near traps; so very little may be deduced concerning home ranges. All 

but a few of the records were made in or around the three northern¬ 

most traps where the mesquite was thickest. One male and the female 

were captured together on two successive days. On one occasion the 

female was in a trap and the male was clinging to the outer wall of the 

trap. 

All but two records of the Side-blotched Lizard were made during 

the hours of maximum activity of most of the species of the area; 8 to 

11 a.m. and 5 to 7 p.m. On one encounter the female was found asleep 

on top of a drift fence during the last trap check of the night. The other 

record of this species (except during the maximum lizard activity 

hours), was of a male which entered a trap between 3 and 4 p.m. It 

was next found beside the same trap at 6 p.m. and appeared to be in 

poor health. It was not seen on subsequent trap checks that day, but 

was found dead beside the trap on the first check the following 

morning. It had not appeared “sick” at 4 p.m. and this leads to the 

suggestion that release from the shaded trap onto the hot sand at that 

hour may have been a factor contributing to its mortality. 
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During the period of study, one feeding record for Uta stansburiana 

was obtained. One afternoon an individual of this species was seen 

stationed beside a line of small ants, periodically feeding on them. 

Phrynosoma modestum Girard. One female and five males of this 

species were marked. Five of these, all males, were recovered at least 

one time for a total of 12 recoveries. Three were recovered only once. 

Of the other two, one was recovered three times in the vicinity of the 

southern end of the trap line, and the other six times in the vicinity 

of the northern end. The northernmost record of the one and the 

southernmost record of the other were separated by 30 feet. 

When the outermost points of capture and recovery of the one in¬ 

dividual with seven records (initial capture plus six recoveries) are 

joined together, the area enclosed equals about .11 acre. Because of the 

low number of records it is suggested that this area may not be the 

full size of a typical home range for an individual of this species. In 

the same association, however, the area of greatest activity of an in¬ 

dividual of Cnemidophorus tigris, a larger and much more active 

species, measured only .26 acre. 

Milstead (1953) has pointed out that this species of Phrynosoma has 

well-developed concealing coloration which it apparently depends 

upon as its main escape mechanism. This factor undoubtedly con¬ 

tributed to the few recoveries made of these lizards. Blending of the 

lizards with the substrate was so effective that most of the recoveries 

were made by the sighting of the red marking numeral which stood 

out against the sandy background. 

Cnemidophorus inornatus Baird. Five Little Striped Whiptails, three 

females and two males, were captured, marked, and released during 

the study. There were no recoveries. 

Cnemidophorus tigris marmoratus Baird and Girard. Altogether, 24 

female and 14 male Marbled Whiptails were marked. Of these, 23 

were recovered at least once for a total of 84 recaptures. Most of the 

observations of this species and C. inornatus have been published 

previously (Milstead, 1957b, c). 

One Marbled Whiptail was recovered 17 times, and mapping of 

the outermost points of recovery disclosed a possible home range of 

about .53 acre, with most of the recaptures within an area of about .26 

acre. It was suggested (Milstead, 1957c) that no definite conclusions 

should be drawn from these results because of the low number of re¬ 

coveries, and the short duration of the study. On the basis of about 300 

recorded movements, Fitch (1958) has shown the home ranges of 

Racerunners (Cnemidophorus sexlineatus) to vary from about .20 

acre to about .25 acre. This indicates that the recorded home range 
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size of the one individual of CnemicLophorus tigris may be more 

accurate than originally thought. 

One observation made during this study, which has not been re¬ 

ported previously, is that of production of sound by whiptails. When 

a Marbled Whiptail is picked up, it usually makes a low clicking 

sound similar to that made by a Roadrunner (Geococcyx), but of 

much lower volume. Efforts to determine how this sound was made 

were unsuccessful. Occasionally, these whiptails emit a squeak com¬ 

parable to that of Coleonyx. This latter sound may be due simply to 

forced exhalation. 

NOCTURNAL CAPTURES 

Lizards and occasional tenebrionid beetles were the only animals 

captured during the daytime. At night, however, a number of other 

animals entered the traps. Most of these were invertebrates, but there 

were three records of vertebrates. The principal invertebrates were 

Cave Crickets (Ceuthophilus), which entered the traps every night, 

and tenebrionid beetles. Scorpions, solpugids, various spiders, and 

other insects entered infrequently. The vertebrates included one toad 

(Bufo compactilis), a snake (Crotalus atrox), and a mouse (Perog- 

nathus nelsoni). 
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INTRODUCTION 

The marshes and bogs in the San Marcos River Valley near Ottine, 

Gonzales County, Texas, have long been of interest to naturalists. This 

interest has been centered, for the most part, on the unusual flora 

which is found there. Although the anomalous character of the vege¬ 

tation has been recognized since early in the 19th Century, no pre¬ 

vious work has been done with respect to the fauna of these marshes. 

From August, 1957 to June, 1958, field investigations were carried out 

in an attempt to determine the composition, local distribution, and 

zoogeographic relationships of the vertebrates present, exclusive of the 

birds. 

The writer is indebted to the Texas State Parks Board for permission 

to work in Palmetto State Park and particularly Mr. Jake Kaine, super¬ 

intendent of the park, without whose kind assistance this study could 

not have been undertaken. I wish to thank Dr. W. Frank Blair who 

suggested and supervised the study. Drs. B. C. Tharp, Clark Hubbs and 

F. R. Cagle aided in identification of specimens and offered helpful 

advice and criticism. Messrs. Don Hunsaker II, J. E. Swindells and 

F. C. Johnston ably assisted in part of the field work. 

DESCRIPTION OF THE AREA 

The physiography of the western third of Gonzales County is one 

of low, gently rolling hills. The surface outcrops are of the Claiborne 

group, Eocene age, consisting almost entirely of loosely consolidated, 

non-marine sands of the Carrizo member. In places the highly ferru¬ 

ginous well-indurated Reklaw member, overlying the Carrizo, forms 

rock ledges and small bluffs. The San Marcos River truncates the gen¬ 

erally north-south strike of the formations and has incised a deep val¬ 

ley. Ottine and Palmetto State Park are situated in this valley, five 

miles SSE of Luling. The town of Ottine is situated some 96 feet above 

the river channel on the upper of two terraces (Fenneman, 1906). This 

158 
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upper terrace is about a mile in width in the vicinity of Ottine and 

abuts against the sand hills which border the valley. The lower ter¬ 

race does not exceed several hundred yards in width. This lower ter¬ 

race is subject to occasional flooding during periods of heavy rain. The 

river rises rapidly, as much as 35 feet overnight, and subsidence and 

runoff are almost equally as rapid. These floods do surprisingly little 

damage, but serve to keep the ground surface relatively free of humus 

and fallen logs. 

ECOLOGICAL COMMUNITIES 

Four ecological communities are recognized in the study area: post¬ 

oak-blackjack, wooded floodplain, peat bog and Spartina-Phragmites. 

The postoak-blackjack community occupies the sandy uplands border¬ 

ing the valley. This community is typical of this section of the state 

and represents a tongue of the eastern deciduous forest which extends 

south and west into Central Texas (Tharp, 1939). This oak forest is 

carried almost completely across the Texan Biotic Province (Dice, 

1943 and Blair, 1950) because of an unusually high water content 

maintained by the Carrizo sands (McBryde, 1923). 

The other three communities are restricted to the river valley. The 

wooded floodplain community formerly extended across the entire 

valley but has now become largely confined to the boundaries of the 

park which affords protection against the encroachments of agricul¬ 

ture. The peat bog community, which contains the most unique floral 

elements, is also more restricted than in the past and is found today as 

two isolated bogs: Butledge Swamp, which is partially within the park, 

and Soefje Bog. The Spartina-Phragmites community occupies a small 

flat of some ten acres in extent at the east end of a small lake in the 

park. 

POSTOAK-BLACKJACK COMMUNITY 

The soils of this community are mainly deep sands. Bock outcrops 

are few. Standing surface water is scarce and intermittent. The only 

permanent water supply is artificially maintained in a fish hatchery 

which is an important ecological haven during drought. The uplands 

are well-drained by numerous small intermittent streams. In addition 

there is abundant ground water recharge into the Carrizo sand. These 

conditions allow water to stand for only a short time immediately fol¬ 

lowing heavy rains. 

The dominant vegetation of the community is postoak (Quercus 

stellata) with a scattering of blackjack( Quercus marylandica) and 
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hickory (Carya buckleyi). The more important small trees include 

yaupon (Ilex vomitoria), holly (Ilex decidua), buckeye (Aesculus 

pavia) and huckleberry (Batodendron arboreum). The ground cover 

varies from scarce to dense depending upon the thickness of overhead 

cover. Common forbs include Allionia, Phlox, Castilleja indivisa, Ver¬ 

bena and Lupinus subcarnosus. The most important grasses are Andro- 

pogon scoparius, Andropogon saccharaides, Panicum sp., Cynodon 

dactylon, Cenchrus sp., Stipa sp., and Aristida sp. 

There has been little clearing of timber because the soil is not highly 

favorable to field crops. The few cleared areas are usually pasture or 

abandoned fields. In these situations mesquite (Prosopis juliflora) and 

prickly pear (Opuntia lindheimeri) are often seen. 

Fifty-four species of terrestrial vertebrates were collected in the 

postoak-blackjack community. As the only habitat available for fish is 

an artificial one, none were collected. Of the species recorded, eight 

are essentially confined to the postoak-blackjack: Scaphiopus hurteri, 

Cnemidophorus sexlineatus, Lepus californicus, Dipodomys ordi, 

Geomys bursarius, Scalopus aquaticus, Perognathus hispid us, and 

Peromyscus maniculatus. Several other species were collected only in 

this community but are represented by only a single specimen and 

therefore cannot be said to be restricted on the available data. 

Lepus californicus and Peromyscus maniculatus are grassland types. 

Their occurrence in this upland community is governed by the pres¬ 

ence of open, grassy areas, usually pastures. The grassland habitat is 

virtually absent on the floodplain. The other species are probably ex¬ 

cluded from the lowlands by a paucity of loose, sandy soil. Geomys, 

Scalopus and Cnemidophorus sexlineatus do occur on the floodplain at 

a single locality where there is an accumulation of sandy outwash from 

the hills. 

The cricket frog (Acris crepitans) and the Gulf Coast toad (Bufo 

valliceps) are the most abundant amphibians. The eastern fence lizard 

(Sceloporus undulatus) and the ground skink (Lygosoma later ale) are 

the reptiles most frequently seen. The four species mentioned above 

are found throughout the year in all associations. The wood mouse 

(Peromyscus leucopus) is the most abundant mammal. Fox squirrels 

(Sciurus niger) and cottontail rabbits (Sylvilagus floridanus) are 

numerous. 

WOODED FLOODPLAIN COMMUNITY 

The soils of this community are generally heavy alluvial clays. 

Where these clays impinge against the sand hills seeps and springs 
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form. It is this condition which provides abundant moisture to sup¬ 

port the mesic vegetation which characterizes the river valley (Chelf, 

1941). Sudden rises and overflows of the San Marcos River enhance 

this situation. The topography is flat and poorly drained. Water tends 

to stand for long periods. 

There is one lake in the wooded floodplain community. This long, 

narrow body of water probably represents an old oxbow formed prior 

to the cutting of the present channel. Recharge is from flooding and, 

to a lesser degree, from runoff. The lake is shallow and is subject to 

drying. At the beginning of this study the lake had been dry for sev¬ 

eral months. It was filled by an August, 1957 flood and remained 

filled through June, 1958. 

Bogush (1928) has studied the vegetation of a part of this commun¬ 

ity. He lists 32 species of plants having disjunct populations at Ottine. 

Palmetto State Park derives its name from one of the more conspicuous 

of these, the dwarf palmetto (Sabal glabra). Other disjuncts include 

wax myrtle (Myrica cerifera), yellow-eyed grass (Xyris sp.). Hibis¬ 

cus militarise Iris hexagona, orchid (Habenaria repens), and arrow- 

leaf (Sagittaria falcata), 

Burroak (Quercus macrocar pa) and pecan (Cary a pecan) are the 

most abundant large trees. Recause of selective clearing, pecan is the 

only large tree in some areas. Other trees playing important roles in 

the establishment of canopy are hackberry (Celtis mississippiensis), 

red oak (Quercus rubra), cedar elm (Ulmus crassifolia), Spanish Oak 

(Quercus shumardi), southern pin oak (Quercus nigra), black willow 

(Salix nigra), cottonwood (Populus deltoides), and ash (Fraxinus 

pennsylvanica). Small trees, where present, include yaupon, holly, 

wax myrtle, and winged-elm (Ulmus alata). 

In the wetter, more heavily-forested situations in the community, 

the floor covering is mostly dwarf palmetto. One unusual aspect of 

this community is that palmetto and prickly pear may be found 

growing side by side. Lianas are common and Spanish moss (Til- 

landsia usneoides) is found in great abundance. Ground cover is 

generally sparse except in the more open areas. 

There is no terrestrial species which is definitely restricted to the 

wooded floodplain community, but there are several which do not 

occur in the postoak-blackjack. Most noticeable of these are the 

swamp rabbit (Sylvilagus aquaticus) and the grey squirrel (Sciurus 

carolinensis). 

Fish were collected in the park lake and in a series of spring-fed, 

shallow pools which occur along the south bank of the river in the 



162 THE TEXAS JOURNAL OF SCIENCE 

park. Eleven species were collected in the lake (Table 1). The small 

pools contained only the sailfin molly (Mollienesia latipinna) and the 

common mosquito fish (Gambusia affinis). The water of the pools has 

a very slow, constant flow and high percentage of sulphur and organic 

material. 

The wooded floodplain community is characterized by its variety 

and numbers of turtles and relative sparsity of other reptiles. The 

green anole (Anolis carolinensis) and Sceloporus undulatus are the 

most frequently seen of the lizards. They are abundant in places but 

their distribution is spotty. The relative scarcity of leaf litter and 

humus, which is swept away by flooding, renders Lygosoma relatively 

rare. Water snakes (Natrix), cottonmouths (Ancistrodon piscivorus), 

and copperheads (Ancistrodon contortrix) are the most abundant 

snakes. 

Peromyscus leucopus and Sylvilagus aquaticus are the most im¬ 

portant mammals in terms of apparent population size. The house 

mouse (Mus muscuius) is commonly found feral in most situations 

where Peromyscus leucopus is found. Sciurus niger and Sciurus 

carolinensis both occur in this community. The grey squirrel is closely 

confined to the deep woods and gets into the peat bog community 

marginally. 

PEAT BOG COMMUNITY 

The peat bog community resembles the wooded floodplain com¬ 

munity and grades into the latter with no sharp line of demarcation. 

The two bogs, Rutledge Swamp and Soefje Bog, are located in small 

tributary valleys close against the margins of the hills. Here the spring 

and seep flow is at a maximum. The soils are mostly clay, grading to 

peat in the center and sand at the margins near the hills. 

Sphagnum is found here at its most southwestern known locality in 

the United States (Chelf, 1941). Prior to its discovery at Ottine its 

most southwestern known locality was in Robertson and Milam 

counties in East Texas. Ottine is entirely isolated from these areas. 

The central portion of the peat bog community is occupied largely 

by arrowleaf, cattail (Typha latifolia) and bluestem (Andropogon 

glomeratus) in addition to sphagnum. On the more open marginal 

areas are found purple hedge nettle (Monniera acuminata) and water 

pennywort (Hydrocotyle umbellata). 

Surrounding the wetter portions are dense growths of yaupon, 

holly, buckeye, wax myrtle, Mexican plum (Prunus mexicana) and 

black willow. Promient marginal herbs are poison ivy (Rhus toxi- 
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codendron), thistle (Carduus muticus), bitter cress (Cardamine 

arenicola), blue grass (Poa annua) and others. 

Large trees, other than willow and ash, do not extend far into the 

bogs. The few oaks present are shrub-like. Consequently the ground 

cover is very dense. 

The vertebrate populations of the peat bog communty appear low 

compared to those of the postoak-blackjack and wooded floodplain. 

This may well be a false impression created by the difficulties involved 

in collecting in this situation. Reptiles, particularly snakes, are hard 

to see and practically impossible to capture in the dense brush and 

thickly matted water plants. 

The only fish found in the peat bog community were Mollienesia 

latipinna and Gambusia affinis. 

The small-mouthed salamander (Ambystoma texanum) was found 

here more commonly than elsewhere. Acris crepitans, Bufo valliceps.. 

and Rana pipiens were numerous. Lygosoma laterale was found in 

abundance. The narrow-mouthed toad (Gastrophryne carolinensis) 

was collected in Soefje Rog in 1950 by Blair (1955), although no 

specimens were taken during this study. 

Sylvilagus aquaticus was the most commonly recorded mammal. 

Droppings were found on almost every log and flat rock. In 110 trap 

nights in Rutledge Swamp only two mice (Peromyscus leucopus) 

were taken. 

SPARTINA-PHRAGMITES COMMUNITY 

This is the smallest of the four communities studied. It is com¬ 

pletely surrounded by the wooded floodplain community but is so 

ecologically distinct as to warrant separate consideration. This com¬ 

munity occupies a nearly circular, flat-bottomed, depression on the 

floodplain. Drainage is toward the center and, therefore, water tends 

to stand until it evaporates. The soil is a leached clay, gummy when 

wet and tending to crack deeply when dry. 

The vegetation is essentially restricted to three species. Sacahuiste 

(Spartina spartinae) which reaches about two feet in height and forms 

a dense mat over the soil. Giant reed (Phragmites communis) and 

groundsel tree (Baccharis halimifolia) grow in clumps scattered across 

the flat. There are no trees or shrubs. 

Only eight species of vertebrates were recorded from this com¬ 

munity. The pygmy mouse (Baiomys taylori) was the most numerous 

resident mammal. Mus musculus and the harvest mouse (Reithrodon- 

tomys fulvescens) were also fairly numerous. With the exception of 
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two individuals trapped on the floodplain, no harvest mice were found 

in other communities. 

ZOOGEOGRAPHIC RELATIONSHIPS 

In considering the zoogeographic relationships, the vertebrates of 

the Ottine marshes were divided into five groups based on the present 

center of their geographic distribution. These groups are: eastern, 

western, widespread, southern, and Texan. The latter category in¬ 

cludes those species which are largely confined to the ecotone between 

the eastern deciduous forests and the western grasslands. In many 

instances this classification is a rather arbitrary one as some species 

fail to fall wholly within a given category. Only the species which 

have been definitely recorded from this locality are considered. A 

complete listing of all species collected during the study is given in 

Table 1, and the zoogeographic affinities of the communities are given 

in Table 2. 

Table 1 

List of species collected from the Ottine marshes with their occurrence by com¬ 

munities and zoogeographic affinities. 

ZOOGEO¬ 
COMMUNITIES GRAPHIC 

SPECIES 
Postoak- 

blackjack 

wooded 
flood- 
plain 

peat 
bog 

Spartina- 
Phragmites 

RELA¬ 
TION¬ 
SHIPS 

Dorosoma cepedianum X widespread 

Notropus lutrensis X widespread 

Gambusia affinis X X widespread 

Mollienesia latipinna X X eastern 

& southern 

Micropterus punctulatus X eastern 

Chaenobryttus gulosus X eastern 

Lepomis cyanellus X widespread 

Lepomis auritus X exotic 

Lepomis machrochirus X widespread 

Pomoxis annularis X exotic 

Cichlasoma cyanoguttata X southern 

Ambystoma texanum X X eastern 

Scaphiopus hurteri X Texan 

Bufo woodhousei X X widespread 

Bufo compactilis X X western 

Bufo debilis X X southern 

Bufo valliceps X X X southern 

Hyla versicolor X X X X eastern 

Hyla cinerea X X X X eastern 



TERRESTRIAL AND AQUATIC VERTEBRATES IN CENTRAL TEXAS 165 

Pseudacris clarki X 

Pseudacris streckeri X 

Acris crepitans 

Rana pipiens 

Rana catesbeiana 

Gastrophryne olivacea 

Gastrophryne carolinensis1 

Chelydra serpentina 

Kinosternon flavescens 

Kinosternon subrubrum 

Sternothorus odoratus 

Terrapene ornata 

Terrapene Carolina 

Graptemys pseudogeographica 

Pseudemys scripta 

Pseudemys floridana 

Trionyx ferox 

Anolis carolinensis 

Sceloporus olivaceous 

Sceloporus undulatus 

Phrynosoma cornutum 

Ophisaurus attenuatus 

Cnemidophorus sacki 

Cnemidophrous sexlineatus 

Lygosoma laterale 

Eumeces septentrionalis 

Leptotyphlops dulcis 

Natrix erythrogaster 

Natrix taxispilota 

Natrix sipedon1 

Storeria dekayi 

Thamnophis marcianus 

Thamnophis sauritus 

Haldea striatula 

Coluber constrictor 

Masticophis flagellum 

Opheodrys aestivus 

Salvadora lineata 

Elaphe obsoleta 

Elaphe guttata 

Arizona elegans 

Pituophis catenifer 

Tantilla gracilis 

Micrurus fulvius 

Ancistrodon contortrix 

Ancistrodon piscivorous 

Crotalus horridus 

Crotalus atrox X 

Didelphis marsupialus X 

Cryptotis parva X 

X X Texan 

X X Texan 

eastern 

widespread 

eastern 

western 

eastern 

eastern 

western 

eastern 

eastern 

western 

eastern 

eastern 

eastern 

eastern 

eastern 

eastern 

southern 

widespread 

western 

eastern 

western 

eastern 

eastern 

Texan 

western 

eastern 

eastern 

eastern 

eastern 

western 

eastern 

eastern 

widespread 

widespread 

eastern 

western 

eastern 

eastern 

western 

western 

western 

eastern 

eastern 

X X eastern 

X X eastern 

western 

X southern 

X X eastern 

X X X 

X X X 

X X 

X X X 

X 

X 

X 
X 

X 

X X 

X X 

X 

X X 

X 

X 

X X X 
X X X 

X X X 

X 

X X 

X X 

X X2 

X X X 

X 

X 

X X 

X X 

X X X 

X X 

X X 

X X X 

X 

X X X 

X X X 

X X X 

X 
X X X 

reported (Brown, 1950) 

X 

X X 

X XX 

X XX 

X 
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Table 1 (Continued) 

List of species collected from the Ottine marshes with their occurrence by com¬ 

munities and zoogeographic affinities. 

COMMUNITIES 
ZOOGEO¬ 

GRAPHIC 

SPECIES 
Postoak- 

blackjack 

wooded 
flood- 
plain 

peat 
bog 

Spartina- 
Phragmites 

RELA¬ 
TION¬ 
SHIPS 

Scalopus aquaticus X X2 eastern 

Dasypus novemcinctus X X X southern 

Lepus californicus X western 

Sylvilagus floridanus X X eastern 

Sylvilagus aquaticus X X eastern 

Sciurus carolinensis X X eastern 

Sciurus niger X X X eastern 

Geomys bursarius X X2 Texan 

Perognathus hispzdus X western 

Dipodomys ordi X western 

Reithrodontomys fulvescens X X southern 

Peromyscus maniculatus X widespread 

Peromyscus leucopus X X X widespread 

Baiomys taylori X X X southern 

Neotoma floridana X eastern 

Rattus rattus X X widespread 

Mus musculus X X X widespread 

Urocyon cinereoargenteus X X widespread 

Procyon lotor X X X X widespread 

Mephitis mephitis X X widespread 

1 Species having disjunct populations at Ottine. 

2 Limited to a single area where there has been an accumulation of sandy outwash. 

Fifty-three species were collected in the postoak-blackjack com¬ 

munity. including 12 amphibians, 24 reptiles and 17 mammals. This 

association is predominantly eastern in its relationships (Table 2), 

and this is somewhat surprising in view of the geographic location. 

Ottine is very close to both the Balconian and Tamaulipan biotic 

provinces (Blair. 1950). 

The vertebrate fauna of the wooded floodplain community is more 

eastern than is that of the postoak-blackjack. Seventy species were re¬ 

corded: 11 fish, 13 amphibians, 31 reptiles and 15 mammals. Two of 

the fish are exotics. 

The eastern relationship of the peat bog community is more dis¬ 

tinct than that of the two preceding communities, despite its rather 

restricted size. Thirty-nine species were collected here. 



TERRESTRIAL AND AQUATIC VERTEBRATES IN CENTRAL TEXAS 167 

Table 2 

Zoogeographic relationships of the vertebrate faunas of the Ottine marsh area. 

Communities 

wooded 
Zoogeographic postoak- flood peat total 
Affinities blackjack plain* bog area* 

Eastern ..   40% 49% 64% 47% 

Western .   25% 11% 13% 18% 

Widespread .   21% 24% 10% 20% 

Southern . 7% 10% 13% 8% 

Texan .. 7% 4% 0% 5% 

* Two exotic fish not included. 

The Spartina-Phragmites community is the smallest and the most 

difficult to interpret. Too few species were collected to allow any con¬ 

clusions to be drawn. Eight species were recorded, three eastern, one 

western, two widespread and two southern. The only species which 

were found abundantly were Baiomys taylori, Reithrodontomys ful- 

vescens, and Mus musculus. The latter is widespread and the other 

two are both southern. 

The overall zoogeographic relationships of the Ottine area are 

eastern. A total of 88 species was recorded. Forty of these are eastern, 

16 western, 18 widespread, 7 southern, 5 Texan, and 2 are exotics. 

This eastern aspect becomes progressively more pronounced as the 

communities become wetter. The three main communities, postoak- 

blackjack, wooded floodplain, and peat bog become respectively wetter 

and hence more eastern in affinity. 

DISJUNCT POPULATIONS 

In addition to 32 plant species listed by Bogush (1928) there are at 

least three vertebrates which have disjunct populations in the Ottine 

area. A fourth species (Glaucomys volans), of questionable occur¬ 

rence, is disjunct, also, if reports of its occurrence are reliable. 

The common water snake (Natrix sipedon) is probably the most 

common of all the snakes in the area. It is found abundantly in all 

three of the main communities and probably ranges into the Spartina- 

Phragmites. The two localities where the largest concentrations of this 

snake occurred were the fish hatchery in the postoak-blackjack and the 

spring-fed pools in Palmetto State Park. Only one individual was col¬ 

lected in the park lake where vegetation is not abundant. The park 
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pools, with their deep mud bottoms and dense growths of iris are in¬ 

habited almost exclusively by Natrix sipedon and less frequently An- 

cistrodon piscivorous. Neither Natrix taxispilota nor Natrix erythro- 

gaster were seen here. The fish hatchery population seemed to be 

largely confined to shallow overflow pools around the margins. None 

were seen in the deeper waters of the main hatchery pond. On April 

27, 1958, a large number of small individuals of all three species of 

Natrix were found in what may have been a breeding congregation. 

Fifteen specimens were collected in the space of a half hour with ex¬ 

treme ease. The snakes were small, all were less than three feet in 

length. Most of those seen were in groups of two or three and were 

quite easily approached and captured. J. E. Swindells, who accom¬ 

panied the author on this occasion, was able to capture two individuals 

simultaneously, one in each hand. The ventral coloration of all of 

the Natrix erythrogaster and Natrix taxispilota was much brighter 

than normal. 

Ottine also marks the westernmost locality for the narrow-mouthed 

toad (Gastrophryne carolinensis). This population is disjunct by some 

50 to 75 miles from the nearest population to the east. Blair (1955) 

collected a series of this species from Soefje Bog in 1950. Since that 

time no further specimens have been collected to my knowledge. None 

were seen or heard during this study. The evidence seems to indicate 

that the seven years of drought which preceded 1957 have eliminated 

this species from the area. On the other hand, breeding choruses of 

many of the anurans known to be present, including Gastrophryne 

olivacea, were exceptionally rare throughout Central Texas during the 

period in which this study was made. There remains the possibility 

that a small population may still be present. 

Prior to the collection, during this study, of one sub-adult and two 

juvenile false map turtles (Graptemys pseudogeographica) this genus 

was not known from west of the Colorado River drainage system (F. 

R. Cagle, personal communication). The park lake was the only place 

where this turtle was found. The owner of the fish hatchery has been 

making a determined effort to eliminate the turtles in his ponds. Large 

numbers of shells were found around the margins of the hatchery. No 

Graptemys were included. 

Mr. Jake Kaine and other local residents have reported the presence, 

or former presence, of flying squirrels (Glaucomys volans). If this 

species is present it represents a fourth disjunct. 

In addition to the above listed species it appears likely that the cane- 

brake rattlesnake (Crotalus horridus) and the grey squirrel (Sciurus 

carolinensis) may also be disjunct at Ottine. 
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All of the species discussed in this section are eastern and, with the 

exception of Natrix sipedon, are apparently restricted in their local 

distribution to the wetter and more heavily wooded portions of the 

wooded floodplain and peat bog communities. 

DISCUSSION 

The Ottine marshes exist as a small disjunct island of distinct Aus- 

troriparian affinities, separated by some 100 miles from the river bot¬ 

toms of East Texas which they closely resemble. These marshes are 

surrounded by a more predominantly western biota. 

Bogush (1928) states, “The insular presence of a flora distinct from 

that of the surrounding country justifies the assumption that the 

marshes are relicts of a time of greater humidity when connection 

with similar areas of the East Texas and Louisiana river bottoms ob¬ 

tained. Subsequent climatic change, culminating in the present rela¬ 

tively much more xeric conditions, caused the general elimination of 

those plants of high water requirements except in these small un¬ 

usually protected and well-watered localities.” 

Some evidence pertaining to the antiquity and history of this flora 

has been presented recently by Graham (1958), who made a pollen 

analysis of Soefje Bog. He dates the bottom of the bog at 8000 years. 

During this time the flora has undergone no significant changes either 

in composition or relative population sizes. 

Any attempt to reconstruct the history of any area based on the 

biota present must necessarily be hypothetical and open to question. 

However, the author feels that an attempt is justified. The vertebrates 

present support the conclusions drawn by Bogush. It appears that the 

Texan Biotic Province was once broadly occupied by an Austroriparian 

biota. During the Pleistocene this biota extended farther westward 

than it does now, either as a continuous forest front or by extension up 

river bottoms. With the onset of warmer and drier conditions this biota 

withdrew eastward. This hypothesis is further supported by the pres¬ 

ence of disjunct Pitymys and Eurycea populations on the Edwards 

Plateau (Bryant, 1941 and Blair, 1958) as well as by numerous fossil 

records. 

The presence of the Carrizo sands, which have a high moisture con¬ 

tent, has somewhat alleviated the effect of the general drying process, 

as is evidenced by the presence of the postoak-blackjack. A record of 

this deciduous forest relationship is preserved in the area in general 

but more markedly in the presence of ecological islands such as the 

Ottine marshes. There are several other localities in Central Texas,, 
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mostly on the Carrizo sand, which give the appearance of relictness 

but which have not been studied. 

The region appears to have undergone a post-Wisconsin invasion of 

western species. In addition there appears to have been a second, per¬ 

haps more recent, movement of southern species into and through the 

province. Such species as Dasypus novemcinctus, Didelphis marsu- 

pialis, Sigmodon hispidus, and Baiomys taylori have noticeably ex¬ 

tended their ranges northward and eastward in historic times. 

Twenty of the species recorded reach or approach their limits of dis¬ 

tribution in or near Gonzales County (Table 3). Thirteen of these are 

species having eastern centers of present distribution and six reach 

Table 3 

Species which reach or approach their limits of distribution in or near Gonzalez 

County. 

EASTERN SPECIES WESTERN SPECIES 

Ambystoma tezanum Kinosternon flavescens 

Hyla cinerea Arizona elegans 

Gastrophryne carolinensis Leptotyphlops dulcis 

Kinosternon subrubrum Pituophis catenifer 

Terrapene Carolina Salvadora lineata 

Graptemys pseudo geo graphica 

Anolis carolinensis 

Dipodomys ordi 

Ophisaurus attenuatus SOUTHERN SPECIES 

Crotalus horridus 

Haldea striatula 

Natrix sipedon 

Sylvilagus aquaticus 

Sciurus carolinensis 

Bufo debilis 

their greatest abundance in the west. Three of the western forms ap¬ 

pear to be strongly confined to the postoak-blackjack. These are Ari¬ 

zona elegans, Salvadora lineata, and Dipodomys ordi. Only two of the 

eastern species, Hyla cinerea and Natrix sipedon, were found in this 

community. 

SUMMARY 

A survey of the fish amphibians, reptiles, and mammals of the 

marshes in the vicinity of Ottine, Gonzales County, Texas was carried 

out from August, 1957, to June, 1958. 

Four ecological communities are recognized in this area. The post¬ 

oak-blackjack community occupies the sand hills which border the San 



TERRESTRIAL AND AQUATIC VERTEBRATES IN CENTRAL TEXAS 171 

Marcos River Valley. The wooded floodplain, peat bog and Spartina- 

Phragmites communities are confined to the valley. 

These communities become progressively wetter in the order listed 

above. The vertebrate faunas of the respective communities become 

more eastern in relationship in the same order. 

At least three species of vertebrates are represented in the Ottine 

area by disjunct populations. A fourth is reported but its occurrence is 

open to question. There are several other species which may also be 

disjunct. 

An attempt is made to reconstruct a hypothetical history of the area. 
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Survival and Migration of Fresh-Water 

Fishes in Salt Water1 

by WILLIAM C. RENFRO 

Texas Game and Fish Commission, Seabrook 

INTRODUCTION 

There seems to be general agreement among zoogeographers and 

ecologists that dissolved salt content in water is a barrier to many 

species of fresh-water fishes. Many workers have studied the effects of 

single salts or unbalanced salt solutions upon fresh-water species (see 

Doudoroff and Katz, 1953, for a comprehensive review), yet there is 

little in the literature concerning the actual concentration of diluted 

sea water necessary to bar fresh-water fishes from a given environ¬ 

ment. 

Garrey (1916) transferred the minnow Notropis blennius ( = No- 

tropis stramineus) directly from fresh water to various solutions of 

diluted sea water and noted their survival time. He found the survival 

time for this species in water with a freezing point depression of 0.547° 

C. (salinity approximately 10.3%©) to be over 6 weeks after which time 

his experiment was terminated. At concentrations above this their 

survival time was abruptly curtailed. He stated that an isotonic solu¬ 

tion may thus be regarded as having the critical concentration, since 

more concentrated solutions were rapidly and progressively more 

detrimental. 

Duval (1925) acclimatized the carp to salt water by addition of 

small amounts of sea salt once or twice daily for from five to 50 days 

until the desired external concentration was reached, whereupon he 

determined the freezing point depression of the blood of the test speci¬ 

men. He succeeded in raising the external medium to a salinity above 

19%c and his data show that this species appears to regulate a salinity of 

concentration until the external concentration reaches a salinity of 

around 1 \%c after which the concentration of its blood follows rather 

closely that of the external medium. 

The first portion of the study here reported upon was undertaken in 

1 Contribution No. 44 from the Marine Laboratory, Texas Game and Fish Com¬ 

mission, Rockport. 
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order to obtain some rough estimate of the salinity to which selected 

species of fresh-water fishes could be acclimated and their survival 

time in brackish salinities. 

SURVIVAL OF FRESH-WATER FISHES IN SEA SALT SOLUTIONS 

All test specimens, except the Mexican gambusia and the bass in 

Experiments 13 through 16 were collected from the San Marcos River 

at San Marcos, Texas. They were placed in aquaria containing aerated 

pond water taken from a small concrete pool on the campus of the Uni¬ 

versity of Texas. The water in this pond is a mixture of Austin city 

tap water and rainwater; it had a chlorinity of less than 100 parts per 

million. After a period of two or three days, in which the test speci¬ 

mens were allowed to become familiar with their new surroundings, 

the salinity of their medium was increased by addition of sea salt crys¬ 

tals obtained from a biological supply house. Water in the aquaria was 

continually aerated and daily checks of temperature and pH were 

made. Periodic salinity determinations were made using a modifica¬ 

tion of the Mohr method of silver nitrate titration. Controls using fresh 

pond water were run except as noted. 

All of the test fish and control fish were fed sparingly either daily or 

every other day. The larger specimens were fed small live fish and the 

smaller specimens ground dog food and brine shrimp. Except for the 

centrarchids, all the experimental fish were adults. 

Emission spectronic analysis for the metal ions contained in the sea 

salt crystals used showed that all the metals found in sea water except 

potassium were present but in lower concentrations than in sea water. 

Magnesium forms 3.69% by weight of the salts in sea water. In the 

sea salt crystals it was present in a concentration of 1 to 2%. Calcium 

and strontium, which constitute 1.20% of the weight of the salts in sea 

water, formed only .01 to .05% of the weight of the sea salt crystals. 

Quantitative analysis determined the weight of chlorides (halides) in 

the sea salt crystals to be 60.84% as compared to 55.04% in sea water 

salts. On the basis of these analyses it appears that the solutions pre¬ 

pared from the sea salt crystals may approximate dilute sea water but 

cannot be considered to have quite the same osmotic properties. In 

order to determine salinity, it was necessary to set up the ratio between 

chloride and total salts and to multiply by this ratio after titration of 

the chlorides with silver nitrate. Since the relative amounts of halides 

in sea salt crystals are unknown, this method probably results in a 

slight error. 

The following pages are devoted to a discussion of the experimental 
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results. Ordinates of the graphs indicate salinity of the water in the test 

aquaria and abscissas represent time in days. The figures in paren¬ 

theses indicate the number of specimens used in the experiment. 

Squares on the graphs indicate death of experimental specimens. 

Ranges of water temperature are inserted. Throughout all the experi¬ 

ments pH was never below 7.0 nor above 7.5. 

Notropis venustus (Girard) 

Salinities above 12%c appear to be lethal for spottail shiners. If longer 

acclimation periods are allowed the fish in salinities around 5%0, their 

survival time in salinities above 12%0 seems to increase. Upon termi¬ 

nation of Experiments 1 and 2, four control specimens were trans¬ 

ferred directly to a salinity of 15%©. These fish died 2%, 3, 4%, and 5 

hours after the transfer. 

Notropu lutrtnsit - Plmtphalti vigllax 

‘U 
EXP S (3)_ 23 3- 26 2*C__ 

0 I 2 J 4 5 6 7 8 9 10 II 12 13 14 15 IS 17 IS 19 20 21 22 23 24 25 26 27 28 - 29 ; 30 

SURVIVAL TIME IN DAYS 

FIG. i 

Notropis lutrensis (Baird and Girard) 

Two redhorse shiners lived more than 9 days in an average salinity 

of 11.5%o. There were no controls. 

Pimephales vigilax (Baird and Girard) 

One parrot minnow lived more than a week in an average salinity 

of 1 \%c. There was no control. 



FRESH-WATER FISHES IN SALT WATER 175 

Gamhusia affinis (Baird and Girard) 

The common mosquito fish is not a strictly fresh-water fish. It is 

often found in brackish water and even in full sea water. However, 

upon examination of the graphs of Experiments 4 and 5, the lethal 

salinity for this species appears to lie somewhere between 15%0 and 

24%c indicating either that specimens of this species previously found 

in full sea water were there only temporarily or that racial variation 

in salt tolerance occurs. 

One specimen (Fig. 2) was successfully acclimatized from fresh 

SURVIVAL TIME IN DAYS 

FIG. 2 

water to a high salinity and back again to a low salinity without suf¬ 

fering ill effects. Another specimen transferred directly from fresh 

water to a salinity above 15%© was still alive and in good condition 

when the experiment was terminated 20 days later. 

Gambusia hurtadoi Hubbs and Springer 

This is a Mexican species of the mosquito fish. The test specimens 

used in this study came from a spring near Jiminez, Chihuahua. 

Apparently this species can live indefinitely in brackish waters 

of the middle salinity range. No deaths occurred in salinities below 

15%0, but survival time above \ 7%c was sharply curtailed. This indi¬ 

cates that critical salinity is around 17%c. No difference in salinity 

tolerance due to size or sex was noted. There was no mortality among 

the 11 control fish. 
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SURVIVAL TIME IN DAYS 

FIG. 3 

Micropterus salmoides (Lacepede) 

Largemouth bass fingerlings ranging from 50 to 115 mm. in stand¬ 

ard length were used in these experiments. In aquaria containing more 

than one test specimen survival was poor (Fig. 4, Exp. 8). Because of 

SURVIVAL TIME IN DAYS 

EXPS. 13-18 (I SBCh) IS O - 30.6*C 

0 4 8 12 16 20 24 26 32 36 40 44 44 32 36 60 64 68 72 76 SO 84 8S 92 96 100 KM l»S 
SURVIVAL TIME IN DAYS 

FIG. 4 
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crowding and fighting, the smaller fish died rapidly. For this reason 

several additional experiments were carried out using one specimen 

per aquarium. 

The data indicate that salinities above 9%0 are progressively more 

critical for this species. Salinities between 9%0 and 15%© appeared to 

have a slow lethal effect because one specimen (Fig. 4, Exp; 11) lived 

more than 12 days at an average salinity of 11%C. As the salinity neared 

15%0 survival time was greatly decreased, although one specimen (Fig. 

4, Exp. 12) survived for 13 days in an average salinity of 14%0. One fish 

transferred directly from fresh water to a salinity of 15%v survived 

23% hours. 

Experiments 13 through 16 were run using salt water taken from 

Galveston Bay and diluted with unchlorinated well-water. The fishes 

were from Sheldon Reservoir, Harris County, Texas. These four ex¬ 

periments indicate that black bass might be expected to survive several 

weeks in brackish water of the lower salinity range. 

Lepomis punctatus (Cuvier) 

Standard lengths of the spotted sunfish ranged from 78 to 90 mm. 

Due to the lack of aquaria and fish stocks, experiments on this species 

were run without controls. The results should be viewed with this 

SURVIVAL TIME 8N DAYS 

SURVIVAL TIME IN DAYS 

2 3 e 9 20 21 22 23 24 25 26 27 28 29 30 
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fact in mind. Apparently salinities of 15%0 and above are rapidly lethal, 

but below this level, tolerance is fairly long. 

Etheostoma fonticola (Jordan and Gilbert) 

Fountain darters were obtained from the San Marcos River. The 

water in this river usually has a total salt content of less than 200 parts 

per million. 

One specimen was transferred from fresh water directly to a salinity 

of 11.6%c. It lived more than 6 days. Experiments 20 and 21 (Fig. 6) 

indicate that survival time for this species in salinities above 13%c is 

short. Eight control specimens were in good condition at the time these 

experiments were concluded. 
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238-254*C 
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FIG. 6 

MIGRATION OF FRESH-WATER FISHES IN SALT WATER 

The experiments described above were not designed to determine 

absolute salt tolerances. The data indicate that many fresh-water fishes 

have the physiological ability to tolerate brackish waters for short 

periods of time. Since some fresh-water fishes are able to survive in 

brackish salinities, we might expect them to invade and even migrate 

through brackish waters at times. Utilization of salt waters as avenues 

of migration to suitable new fresh water environments would result in 

range extensions. An example might clarify this theory. 

A large portion of the Texas coast is provided with barrier islands 

which separate the mainland from the Gulf proper (Fig. 7). As a result 

most of the rivers drain into bays or lagoons rather than directly into 
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the Gulf. During periods of excessive rainfall these bays and lagoons 

may become diluted with fresh water from river runoff to the extent 

that fresh-water fishes might travel from the mouth of one river 

through a lagoon to the mouth of another river without once having 

encountered a lethal salinity. These salinity conditions are known to 

exist. Records of the Marine Laboratory, Texas Game and Fish Com¬ 

mission, show that salinities in San Antonio Bay, the Intracoastal 

Waterway, Aransas Bay and Copano Bay were less than 5%c during 

March and April, 1958. These bodies of water lie between the Guada¬ 

lupe River and the Mission River. 

Recent field collections of fresh-water fiishes in brackish waters add 

to the validity of this theory. The following instances are cited: 

Carpio carpiodes, river carpsucker taken in Galveston Bay in a 

salinity above 6%c more than 5 miles from the nearest fresh water. 

Ictalurus furcatus, blue catfish taken in Trinity Bay in a salinity 

of 4.8%c and 4 miles from the mouth of the Trinity River. 

Roccus mississippiensis, yellow bass taken in Galveston Bay in a 

salinity of 7.5%0 and 6 miles from the nearest fresh water. 
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Pomoxis annularis, white crappie from Trinity Bay in a salinity 

of 2.9%c and 4 miles from the Trinity River. 

With the use of this theory recent range extensions and some of the 

distribution patterns of fresh-water fishes might well be explained. 
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First Records of the Mountain Mullet, 

Agonostomus monticola (Bancroft), in Texas1 

by FRANK G. SCHLICHT 

Texas Game and Fish Commission, Rockport, Texas. 

The mountain mullet, Agonostomus monticola (Bancroft), has 

previously been reported from Florida, Louisiana, and Mexico, but has 

not previously been recorded from Texas. On August 25, 1958, a speci¬ 

men of A. monticola was collected with the aid of rotenone along the 

north jetty in the Port Aransas ship channel, by Dr. Wm. N. McFar¬ 

land, Hinton D. Hoese, the author, and a party of students from the 

Institute of Marine Science, The University of Texas, Port Aransas, 

Texas. On October 8, 1958, Hinton D. Hoese, Ray Childress and An¬ 

thony Inglis, collected a second specimen of A. monticola in a ten foot 

seine in shallow surf just southwest of Rollover Pass near Galveston, 

Texas. Both specimens are now in the museum of the Texas Game and 

Fish Commission, Marine Laboratory. 

The standard lengths of the two specimens are 29 mm. and 36 mm. 

respectively. Scale and fin-ray counts are identical for both specimens 

and are as follows: Dorsal fin-rays IV-I,8; Anal fin-rays II-10; Pec¬ 

toral fin-rays 15; Scale rows from upper angle of opercle to middle of 

caudal base 40. There is a marked difference in the coloration of the 

two specimens in alcohol. The smaller specimen is dark brown dor- 

sally which becomes a little lighter below the midline and shades to 

yellow on the ventral surface. The fins of this specimen are yellow, 

with the caudal and anal fins a more intense yellow than the other fins. 

The larger specimen is brown on the dorsal surface, becoming blotched 

along the midline and shading to white on the lower sides of the body 

and the ventral surface. The base of the caudal fin has some yellow 

pigment and there is some dark pigment near the base of the dorsal 

fins, but the pectorals, pelvics, and anal fin have no pigmentation. 

The coloration of the smaller specimen agrees with the description 

given by Anderson (1957) for specimens collected from the open 

ocean. The larger specimen agrees with his description and that of 

Carr and Goin (1955) for specimens from freshwater. 

1 Contribution No. 45 from the Marine Laboratory, Texas Game and Fish Com¬ 

mission, Rockport, Texas. 
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Anderson (1957) and Carr and Goin (1955) list the spine and ray 

count of the second dorsal as 1,8 for the specimens examined by them, 

indicating a spine. Suttkus (1956) gives the ray count of the second 

dorsal as 9 for the specimens he examined and states that he did not 

find a spine. The Texas specimens agree with those examined by An¬ 

derson and by Carr and Goin in that the spine and ray count for the 

second dorsal is 1,8. 

Grateful appreciation is expressed to Mr. Hinton D. Hoese of the 

Texas Game and Fish Commission for making the initial identifica¬ 

tions of the specimens; to Mr. Ernest G. Simmons of the Texas Game 

and Fish Commission for his advice and recommendations during the 

preparation of the manuscript; to Mr. Howard T. Lee, Director of 

Marine Fisheries Division, Texas Game and Fish Commission; to 

Dr. Wm. N. McFarland, Institute of Marine Science, The University 

of Texas for criticism of the manuscript; and to Miss Carol S. Currie 

for typing the manuscript. 
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Preliminary Observations On the Use of the Squash1 

Technique for the Study of the Chromosomes of 

Mosquitoes 

by OSMOND P. BRELAND- 

The University of Texas 

INTRODUCTION 

The so-called squash technique for the study of chromosomes was 

first developed by plant cytologists, one of the first publications in this 

connection being that of Belling (1926). Painter (1934) used this 

method on the salivary chromosomes of Drosophila, and within recent 

years, the method has been used widely in the study of many plant 

and animal tissues. 

In the past, the terms “smear” and “squash” have apparently been 

used interchangeably so that in some of the older literature it is diffi¬ 

cult to determine which technique was used unless the work is de¬ 

scribed in detail. The differences between these two methods have 

been described by several authors including Smith (1943). Smearing 

is the spreading of material on a slide with some instrument such as 

the edge of a scalpel; squashing consists of applying pressure to the 

cover slip of a mount. 

Considerable information relative to the evolution and relationships 

of various animal groups has been obtained by a study of chromo¬ 

somes, but to date this approach has not been widely applied to 

mosquitoes. Most cytological work on mosquitoes has dealt with sali¬ 

vary chromosomes, or has been made on one or two species (e. g. 

Berger, 1938; Frizzi, 1947; Sutton, 1942). Becent studies in the 

hybridization and the genetics of mosquitoes, and the application of 

cytogenetics to taxonomic work have brought to mind the possible 

potential importance of intensive studies of the chromosome comple¬ 

ment of many species of mosquitoes. 

1 Supported by The University of Texas Research Institute. 

2 The writer wishes to express his appreciation to the following: Billie Turner, 

who has been a source of constant help and encouragement; Olin Fearing, who made 

the photograph and other contributions to the work; and Eizi Momma and Marshall 

Wheeler, who helped in developing the techniques that are described. 
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For several months the writer and his associates have been experi¬ 

menting with the squash technique, using various tissues and stages of 

mosquitoes. Our work to date, although simply a beginning, has 

reached the stage where we believe the findings should be made 

available to other workers. We hope the material presented herein will 

encourage others to work with different species of mosquitoes and 

other insects, and to experiment with different techniques. 

TEIE PRESENT .STUDY 

By the time this work was well under way, there had been several 

days of low temperature in this region, and since that time several 

rather severe cold waves have occurred. Consequently, the number of 

species and specimens available have been limited. Most of our work 

has been done with Orthopodomyia signifera (Coq.) and O. alba Baker. 

A few specimens of Culiseta inornata (Williston), Toxhorynchites 

rutilus septentrionalis (Dyar and Knab) and Culex quinquefasciatus 

Say ahve also been examined. The stages and tissues studied, and the 

results in each of these species will be noted later. 

Our work with larvae has been limited to fourth or last stage or 

instars, and many tissues have been examined, although brain tissue 

has been emphasized. No mitotic figures were discovered until a pre¬ 

pupa was examined. The prepupa, which occurs near the end of the 

fourth larval instar, can be identified by two spots, one on each side of 

the prothorax. These spots, which are internal but which can be seen 

through the integument, are the developing respiratory trumpets of 

the pupa. They are white at first and become darker as time passes. 

Some mitotic figures have been found in the brain of each of several 

prepupae examined. Several pupal brains have been squashed but as 

yet no figures have been discovered in this stage. For the species we 

have studied, it seems probable that the prepupa is the best develop¬ 

mental stage in which to find mitotic figures in the brain tissue. In 

species which pass rapidly through their life cycle, perhaps certain of 

the larval stages would also yield good results. 

Males and females that have been emerged for less than twenty- 

four hours have exhibited meiotic figures in testes and ovaries. The 

few males and females more than twenty-four hours old that we have 

dissected have not shown any meiotic figures, although apparently 

mature sperm were found in parts of the reproductive tract of the 

male. 

Some of the tissues in which we have been interested are semi¬ 

transparent and relatively small. These characteristics cause the 
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tissues to be somewhat difficult to differentiate and manipulate. In 

view of some of the difficulties encountered at the beginning of our 

work, the techniques of dissection and squashing of certain tissues now 

being used are briefly outlined below. All dissections described have 

been done with dissecting needles on a black background, using a 

dissecting microscope with 18X magnification. 

DISSECTION FOR LARVAL BRAIN AND SALIVARY GLANDS 

The brain is composed of two large somewhat spindle-shaped lobes 

and associated tissue. It occurs near the dorsal surface of the head and 

extends transversely across the inner cavity of the head capsule be¬ 

tween the eyes. The salivary glands are in the anterior region of the 

thorax. Salivary ducts extend anteriorly into the head and join the an¬ 

terior end of the digestive tract. The glands are rounded, semi-trans¬ 

parent structures that are sometimes lobed, and they often remain at¬ 

tached to the head when it is removed. The first two steps in dissection 

are the same for the brain and salivary glands except that more care 

should be taken in removing the head if the prime objective is to ob¬ 

tain salivary glands. 

1. Place living larva dorsal side up on microscope slide in drop of 

water. 

2. On stage of dissecting microscope hold larva with one dissecting 

needle on side of thorax and with another needle at base of head, push 

gently to separate head from body. 

The anterior end of the digestive tract and the salivary glands should 

be pulled from the thorax by this procedure. Continue the separation 

until a length of digestive tract at least as long as the head has emerged. 

Look for salivary glands near base of head and between head and 

thorax. If the glands remain in the thorax, they can cometimes be re¬ 

covered by pressing on the anterior end of the thorax with a dissecting 

needle. The salivary glands can now be squashed directly (see below). 

The remainder of the dissection applies to the brain. 

3. Disconnect head from digestive tract near head and transfer to 

modified Carnoy’s fluid for about ten minutes. (Modified Carnoy’s 

used: 3 parts chloroform, 1 part absolute alcohol, 1 part glacial acetic 

acid). 

The objective is to render the brain firmer and more opaque so that 

it can be more easily identified and separated from surrounding tissue. 

A bacterial counting plate with small depressions is used for this 

purpose. The fixing fluid evaporates rather rapidly, and if it is neces- 
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sary to leave material in the fluid longer than 10 minutes, the depres¬ 

sion should be covered. 

4. Transfer head to slide with pipette and remove most of fixing 

fluid with filter paper. Add drop of water of saline. 

5. Place one needle in mouth region to hold one surface of head in 

contact with slide. Insert other needle above or to the side of the first 

and push away from the first needle to separate head capsule into two 

parts. Continue until head capsule is divided into two parts by breaks 

along the lateral surface. 

In this type of dissection the brain is usually retained in that part 

of the head that contains the eyes; this portion is often the largest. 

6. Search for the brain between the eyes, removing obscuring tissue 

with dissecting needles. Disconnect nerves passing to eyes and remove 

other obscuring tissue, including remains of head capsule. 

The brain is now ready for squashing. 

DISSECTION FOR LARVAL MALPIGHIAN TUBULES 

The Malpighian tubules are thread-like structures that are attached 

to the digestive tract. They lie in the abdominal cavity and are usually 

semi-transparent proximally and opaque distally. Five Malpighian 

tubules occur in all species that we have examined. 

Steps 1 and 2 are the same as for brain dissection. The needle on the 

thorax should be lateral so that the digestive tract will be free to move. 

Success is most likely if the gastric caeca, which form an enlarged re¬ 

gion, are pulled from the thorax. 

3. Sever the digestive tract posterior to the gastric caeca; or if di¬ 

gestive tract has broken, completely remove the head. 

4. Turn to posterior end of body and cut through body wall just 

anterior to segment 8, being careful not to injure digestive tract. 

5. Hold larva with one needle on the side of an abdominal segment, 

and with other needle on segment 8, gently push the posterior seg¬ 

ments away from the remainder of the abdomen. 

The objective is to pull the posterior part of the digestive tract from 

the body until that part to which the Malpighian tubules are attached 

has appeared. If segment 8 becomes detached, it is often possible to 

find the broken end of the digestive tract and use it to complete the 

operation. 

6. Leave a small section of the intestine attached to the Malpighian 

tubules, but discard the remainder. The attachment to the section of 

the intestine allows easier manipulation of the Malpighian tubules. 
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DISSECTION FOR ADULT OVARIES AND TESTES 

The ovaries and testes lie near the posterior end of the abdomen, 

both systems open at the end of the abdomen by a single tube. In the 

newly emerged adults examined by the writer, the ovaries and testes 

are similar in general appearance although the ovaries usually have a 

more elaborate system of tracheae associated with them. The tracheal 

networks, which have a shiny appearance, help in identifying the 

ovaries if the tracheae remain associated with the organs during the 

dissection. Both ovaries and testes are elongate bodies, quite small and 

semi-transparent. 

1. Etherize an adult and place on microscope slide in drop of water. 

The water and insect do not “mix” well, but during the course of the 

dissection many of the scales will become trapped in the water and this 

reduces the problem of immersing the abdomen later. 

2. With dissecting needles, disconnect the abdomen at the base from 

the remainder of the body. Remove as many scales as possible from 

abdomen. 

3. Transfer abdomen to clean slide and add drop of water. 

4. Hold abdomen in place near anterior end or near center with one 

needle, and with other on tip of abdomen push posteriorly. It may be 

helpful if the abdominal wall is partly cut just anterior to the tip. Care 

must be exerted, however, so that the reproductive system is not in¬ 

jured. 

5. As the tip of the abdomen separates from the remainder, the pos¬ 

terior end of the intestine is sometimes pulled from the body, and if so. 

the reproductive organs should appear as semitransparent objects near 

the posterior end. 

6. Dissect away extraneous material, if possible leaving the two 

gonads connected by the common tube. 

SQUASHING AND STAINING 

The materials used to date for staining are a one per cent solution 

of aceto-orcein and a one per cent solution of aceto-carmine. These sub¬ 

stances fix the material as well as staining it. Directions for making 

these stains can be found in various books on cytological technique. In 

all tissues used, except the brain, the material has been placed in the 

stain without prefixing. Our prime reason for prefixing the brain is 

that it causes this organ to become opaque-—hence easier to identify 

and manipulate. So far we have found aceto-orcein to be more satis¬ 

factory than aceto-carmine. 
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During squashing and staining great care should be taken that the 

cover slip is not moved, and the mount does not become dry. When the 

stain is forced from under the cover slip by squashing, drying can be 

prevented by applying additional stain at the edges of the coverslip. 

One is less likely to misplace small semi-transparent bits of tissue 

if he squashes the material on the same slide as that used for dissection. 

The amount of pressure necessary, and the time required for sufficient 

staining, vary with the tissue and the stain that is used. Consequently, 

a small amount of pressure is usually employed at first and this is 

increased if this seems necessary after examination. It is assumed in 

the following steps that the tissue to be squashed is in water on the slide 

used in the dissection. 

1. Remove extraneous material, and as much water as possible with 

bits of filter paper. This should be done carefully so that the tissue is 

not drawn to the filter paper and lost. 

2. Apply drop of stain to the tissue. One learns how much stain is 

needed with a little practice. 

3. Apply cover slip to preparation. Care should be taken that the 

tissue remains near the center of the coverslip and that bubbles do not 

form. 

4. Allow to stand for a few minutes; then apply light pressure on 

the coverslip with the tip of a dissecting needle over the tissue. 

The pressure will cause much of the stain to be forced from under 

the cover slip. If some gets on top of the cover slip, it should be removed 

by blotting with filter paper. 

5. If necessary, add stain to edges of cover slip. Apply gentle heat 

by holding slide intermittently over alcohol lamp being careful that 

the stain does not boil. 

6. Examine under compound microscope for orientation and to see 

how stain is taking. In most cases additional squashing and staining 

will be necessary. 

7. Place strip of filter paper over cover slip and apply medium pres¬ 

sure to mount using tip of index finger or thumb. 

8. Apply stain to edges of cover slip, apply heat as above and ex¬ 

amine. 

9. Repeat squashing using more pressure, and application of heat 

until material is well spread and a stain of sufficient intensity is 

obtained. 

The steps herein outlined obviously yield only temporary slides, 

but they will last sufficiently long for photographs or camera lucida 
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drawings to be made. Directions for making such slides semi-perma¬ 

nent and permanent may be found in Smith (1943) and recent books 

on cytological techniques. 

RESULTS 

Our energies so far have been directed toward finding the tissues 

and stages best suited for study, and in developing techniques for 

future work. We have not as yet attempted detailed analyses of the 

chromosome complexes of the species examined. In some of the species 

listed, only a few specimens have been available, and some of the 

studies were made at the beginning of the work. It seems probable, 

therefore, that some of the negative results were due to lack of ex¬ 

perience and proper material. 

The following species and tissues have been examined with the 

results noted. 

Orthopodomyia signifera and O. alba: Tissue examined: Brains, 

salivary glands, Malpighian tubules, gastric caeca and miscellaneous 

material of fourth instar larvae, including prepupae; Brains of pupae; 

ovaries and testes of newly emerged adults. Results: Mitotic figures 

observed in brain of prepupae; meiotic figures and mature sperm in 

testes; meiotic figures in ovaries. Figures quite comparable to the one 

of Culiseta inornata included herein have been seen for both species. 

The diploid chromosome number of both species of Orthopodomyia 

is six. 

Toxonrynchites rutilus septentrionalis: Tissue examined: Brains, 

salivary glands and Malpighian tubules of fourth instar larvae; only 

two larvae available. Results: good salivary gland type chromosomes 

found in Malpighian tubules. 

Culiseta inornata: Tissue examined: Brains, salivary glands and 

Malpighian tubules of fourth instar larvae including prepupae; only a 

few larvae available. Results: Mitotic figures in the brain of prepupae 

(Fig. 1). The diploid chromosome number of Culiseta inornata is six. 

Culex quinquefasciatus: Tissue examined: Brains and Malpighian 

tubules of fourth instar larvae: only two larvae available; ovaries of one 

female captured indoors in December. Results: Negative. 

SUMMARY 

Preliminary observations have been made on the use of the squash 

technique for a study of the chromosomes of mosquitoes. Best results, 

using a limited number of specimens and species, have been obtained 

from the brains of prepupae, the Malpighian tubules of fourth instar 
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Fig. 1. Chromosomas from the brain of a prepupa of Culiseta inornate (Williston). Magni¬ 

fication approximately 5000X. 

larvae, and the ovaries and testes of adults that have been emerged 

less than twenty-four hours. By using this method it has been de¬ 

termined that the diploid chromosome number of Orthopodomyia 

signifera (Coq.) O. alba Baker, and Culiseta inornata (Williston) is 

six. The species of mosquitoes used, the stages and tissues examined, 

the results, and the techniques used in dissection and squashing are 

included. 
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Convolvulaceae in Southern Coastal Texas 

by MARSHALL C. JOHNSTON 

Sul Ross State College, Alpine, Texas 

Keys and notes on nomenclature and occurrence are given here for 

the species of Convolvulaceae in the part of southern Texas coast¬ 

ward from the Bordas scarp and between Rio Grande and Nueces 

rivers, an area for which the author has been preparing a Flora. 

The death in 1954 of Professor Carlos O’Donell left the American 

members of the family again unattended taxonomically just as they 

were for many years after the work of the younger Hallier and of 

H. D. House. The genus Cuscuta, of course, is an exception in that it 

has had the detailed treatment of Yuncker. The family, especially the 

Old World species, have been studied by Van Ooststroom, and lately 

the tropical East African Ipomoeas have had the attention of Verd- 

court. It may be well to bring together here some of the results of 

recent work, especially O’Donell’s work, since he published mainly in 

Spanish and in journals not widely available in this country. 

I am indebted to members of the staff of the United States National 

Herbarium, especially Dr. Lyman B. Smith, for many kindnesses dur¬ 

ing visits there. Others who have extended courtesies and help include 

B. C. Tharp, B. L. Turner, and Lloyd H. Shinners. Herbaria contain¬ 

ing specimens cited are abbreviated following Lanjouw and Stafleu 

(1956). 

KEY TO GENERA; AND TO THE SPECIES OF IpOUlOea 

1. Plants parasitic, yellow, without chlorophyll; flowers small, 

white........ L Cuscuta 

Plants green, non-parasitic ... (2) 

2. Stems horizontal; petioles erect; blades bean-shaped or nearly 

round; flowers small, inconspicuous, on short axillary pedicels; 

carpels 2, distinct ... 2. Dichondra repens 

Carpels united into a single ovary; plants otherwise .. (3) 

3. Plants nearly leafless, the aerial shoots low, erect, bushy- 

branched, often less than 20 cm tall; flowers inconspicuous; styles 

2, separate from each other.. 3. Cressa nudicaulis 

Plants leafy, flowers often readily apparent... (4) 
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4. Flowers less than 1 cm broad; plants humble, not vine-like; styles 

2, separate from each other, each bifid .. 4. Evolvulus 

Flowers more than 1 cm across, often morningglory-like .... (5) 

5. Plants robust, often a meter tall or more, and stems several milli¬ 

meters thick, straight, ascending; leaf-blades often at least 13 

centimeters long; flowers large and purple 6-3. Ipomoea fistulosa 

Stems slender and weak, sprawling or climbing, not straight (6) 

6. Herbage covered with a close pubescence, this often giving a 

grayish or brownish cast; flowers mainly white; stems sprawl¬ 

ing (7) 

Herbage green and at least the foliage nearly glabrous or with 

merely scattered shaggy hairs; style apparently solitary .... (8) 

7. Leaf-blades entire; styles 2, nearly separate from each 

other... 5. Breweria 

Leaf-blades either entire or lobed; style solitary but divided at top 

into 2 slender terete stigmatic lobes .. 9. Convolvulus 

8. Leaf-blades 5-7-lobed more than half their lengths; stems 

sprawling or twining (cf. also Ipomoea stolonifera) . (9) 

Leaf-blades entire or if lobed then shallowly so, the lobes less than 

half the total length of the blade or else only 3 in number (11) 

9. Lobes of the leaves entire-margined and narrowed at both ends; 

corolla small; not white . 6-4 Ipomoea pulchella 

Lobes of leaves wavy-margined or again lobed; flowers large and 

white . (10) 

10. Leaves palmately lobed.. 7. Merremia dissecta 

Leaves pinnately lobed, i.e. with a central long median portion 

from which emerge on each side two or three lobes, the lowest 

lobe being the longest on each side .... 8. Operculina pinnatifida 

11. Stems flat on ground or partially buried and horizontal, often 

growing in beach sand; leaves rather firm, often glossy with a 

thick cuticle. (12) 

Stems twining or at least ascending, and leaves membranous, 

usually not glossy, not growing in beach sand... (13) 

12. Leaves often broader than long, apically notched; flowers 

purple. 6-1. Ipomoea Pes-Caprae var. emarginata 

Leaves longer than broad; flowers white 

... 6-2. Ipomoea stolonifera 

13. Sepals short and blunt; flowers mostly white with a purple or 

wine-colored center; plants glabrous; leaves mostly un- 

lobed ..... 6-8. Ipomoea amnicola 

Sepals usually pointed; flowers mostly not white. (14) 
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14. Annual with hairy stems; calyx usually rather hairy; flowers 

blue when fresh; leaves usually 3-lobed 6-7. Ipomoea hederacea 

Perennials, or if annual then mostly glabrous; flowers mauve or 

lavender-purple when fresh . (15) 

15. Strong perennials from enlarged underground storage organs; 

leaves mostly unlobed; flowers large, usually at least 6 cm broad, 

and longer than most of the leaves. 6-5. Ipomoea rupicola 

Weak perennials or annuals from slender tap roots; leaves entire 

or 3-lobed; calyx glabrous or pubescent; flowers usually less than 

5 cm broad ....... 6-6. Ipomoea trichocarpa 

1. CUSCUTA 

Key to the Species of Cuscuta 

1. Capsules circumscissile, i.e. when mature separating easily along 

a horizontal line going completely around the capsule in its lower 

part ..   (2) 

Capsules not circumscissile, i.e. even when mature breaking ir¬ 

regularly when forced . (3) 

2. Flowers 5-parted; calyx at least as long as the corolla- 

tube...... 1. C. umbellata 

Flowers 4-parted; calyx shorter than the corolla-tube 

.. 2. C. leptantha 

3. Sepals essentially distinct and broadly overlapping 

... 3. C. cuspidata 

Sepals united high up, the free portions not broadly overlap- 

ping . (4) 

4. Capsule globose-ovoid, the styles rising from a distinctly convex 

summit .   (5) 

Capsule depressed, either flat or slightly grooved on top .... (6) 

5. Calyx-lobes triangular-ovate. 4a. C. indecora var. indecora 

Calyx-lobes lanceolate . 4b. C. indecora var. longisepala 

6. Calyx-limb with short horn-like downward-pointing projec¬ 

tions . 5. C. Runyonii 

Calyx-limb spurless.. 6. C. glabrior var. glabrior 

1. CUSCUTA UMBELLATA H.B.K. Nov. Gen. & Sp. 3: 121 

[quarto], 1818. Between Queretaro and Salamanca, central Mexico, 

Bonpland (P, fide Yuncker). 

These dodders are widespread in the warmer parts of the Americas. 

Yuncker (1943: 148) cites Texas collections north as far as Midland 

and Stonewall counties. 

2. CUSCUTA LEPTANTHA Engelm., Trans. Acad. Sci. St. Louis 
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1: 489, 1859. Western Texas [meaning between Austin and the 

Pecos], Wright 522 (MO?). 

Yuncker (1943: 149) says these plants range “through southern 

Texas to New Mexico and along the Gulf of California.” He cites one 

specimen from our area: Cameron County, Arroyo Colorado south of 

La Feria, Runyon 2820. 

3. CUSCUTA CUSPIDATA Engelm., Engelm. & Gray, PI. Lind- 

heimer. L p. 224, 1845. Austin County, Texas, dry prairies west of the 

Brazos, Lindheimer 1125, June 1843 (MO?). 

According to Yuncker (1943: 142) these plants range “through the 

central states from Utah and Colorado eastward to southwestern 

Indiana.” He cites specimens from Cameron and Starr counties. 

4. CUSCUTA INDECORA Choisy, Mem. Soc. Phys. & Hist. Nat. 

Geneve 9: 278, tab. 3, 1841. We have two varieties, according to 

Yuncker. 

4a. C. indecora var. Indecora. Matamoros, Tamaulipas, Berlandier 

2285 (G?). 

Plants of the nominate variety are widespread in the temperate and 

tropical parts of the New World, and examples have been collected in 

every county in coastal southern Texas. 

4b. C. indecora var. longisepala Yuncker, Ill. Bio. Monogr. 6: 149, 

1921. On the Blanco River, near San Marcos, Hays County, Wright 

s.n. (MO). 

Plants of this variety occur south to southern Tamaulipas and San 

Luis Potosi, north to Dallas and Liberty counties, Texas, east to 

Orange and Jefferson counties, and west to Bexar County. Yuncker 

(1943: 137) cites two collections from Cameron County. 

5. CUSCUTA RUNYONII Yuncker, Bull. Torrey Bot. Club 69: 541, 

1942. Hidalgo County, Texas, occasional on dry clay hilltops at La 

Joya, Runyon 2732, June 8, 1942 (US, seen). 

These plants are known only from Hidalgo, McMullen, Starr, and 

Zapata counties, Texas, according to the citations of Yuncker (1943: 

133). In coastal southern Texas they are known only from the type 

collection from southwestern Hidalgo County. 

6. CUSCUTA GLABRIOR (Engelm.) Yuncker, Mem. Torrey Bot. 

Club 18: 140, 1932. We have only the VAR. GLABRIOR, sensu 

Yuncker. Texas, Drummond 11247 (MO?). 

Plants of this species occur from northeastern Mexico north to 

Louisiana and Oklahoma and west to New Mexico. Yuncker (1943: 

132) cites specimens from Cameron and Nueces counties. The Nueces 

County specimen is Heller 1549, from herbs in sandy soil on the beach 
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at the Oso, listed by Heller (1895: 81) as “Cuscuta arvensis Beyrich.” 

I have collected the species in Kenedy County (Johnson 43249.8 

TEX) 

2. DICHONDRA 

DICHONDRA REPENS Forster & Forster, Char. Gen. PI. p. 40, tab. 

20, 1776. The original material was apparently from the East Indies. 

We apparently have only the VAR. CAROLINENSIS (Michx.) 

Choisy, DC. Prodr. 9: 451, 1845, based on Dichondra carolinensis 

Michx., FI. Bor.-Amer. 1: 136, 1803. Richard in Michaux’s Flora 

gave the habitat as “Charlstown” in the Carolinas; and he listed in 

synonymy Demidofia repens J. F. Gmelin, Syst. 1: 458, 1791, which 

in turn sprang from the illegitimate combination Anoymos repens 

Walt. FI. Carol, p. 110, 1788. Van Ooststroom (1938: 73) listed 

Gmelin’s name as a synonym of Dichondra repens Forster & Forster. 

Plants of this species occur in most warm parts of the world, in the 

Americas south to Chile and Argentina and north to southeastern 

Virginia, the Gulf states, Arkansas, southeastern Oklahoma, Arizona, 

and Oregon. Plants of the var. carolinensis occur to the exclusion of 

other varieties in most of the United States and parts of Mexico. These 

plants are especially abundant in southern coastal Texas in partially 

shaded, well-watered loamy soils and in lawns, where they are some¬ 

what weedy. 

3. CRESSA 

CRESSA NUDICAULIS Griseb. Abh. K. Gesellschaft. Wiss. Gott. 24: 

266, 1879. The Salinas Grandes near the border of the provinces of 

Cordoba and Catamarca, interior of Argentina, at approximately lat. 

30° south and long. 65° west, Hieronymus exs. 616 (B, photograph of 

type seen, US). Cressa aphylla Heller, Contr. Herb. Franklin & 

Marshall Coll. 1: 80, 1895. Flats at Corpus Christi on the east side of 

the San Antonio & Aransas Pass Railroad, a short distance beyond the 

freight station, Nueces County, Texas, Heller 1811, May 31, 1894. 

(US, NY). This synonymy was first suggested by O’Donell, in an¬ 

notations; I concur after comparison of the descriptions, the photo¬ 

graph of the Hieronymus collection, and Texas material. 

These are low, inconspicuous, leafless, perennial herbs of saline 

clay or packed sandy loam flats near the coast in southern Texas, 

spreading by slender, shallowly-buried horizontal organs. Ragonese 

(1951: 199) indicates that the horizonal underground organs are 

roots, not rhizomes, and that the shoots are adventitious. 

This species was probably first collected in 1834 a short distance 
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south or southeast of Matamoros, Tamaulipas, (Berlandier 3192, US). 

In view of this early North American record, and of the remoteness of 

the interior South American distribution, I think this species is prob¬ 

ably one of the many which enjoyed a natural, widely disjunct range 

in the arid temperate parts of the Americas in pre-Columbian times. 

Ragonese (1951) illustrates this species, saying that it is common 

and characteristic in the Salinas Grandes in the communities of Allen- 

rolfea patagonica (Moq.) O. Ktze. Interestingly, one of its associates 

in both Argentina and southern Texas is Prosopis reptans Benth., a 

woody species with a somewhat similar habit. 

I have seen the following Texas collections of Cressa nudicaulis, in 

addition to the type of C. aphylla: Cameron County, salt flats near 

Green Island, Tharp 1139, June 23-29, 1922 (TEX. US); clay dunes 

near the Boca Chica highway, Runyon 1418, June 5, 1931 (US); near 

the shore at Port Isabel. Runyon 76, August 1, 1926 (US); dry flat 

along the railroad at Port Isabel, Tharp 1148, June 31, 1922 (TEX, 

US); south end of Horse Island clay dune, ca. 3 feet above sea level, 

Johnston 342356, December 23, 1954 (TEX). Kenedy County: along 

Laguna Madre, Johnston 53249.13, 1953 (TEX). Kleberg County: 

along Baffin Bay, Johnston s.n., 1952 (TEX). San Patricio County: 

Aransas Pass, Schulz 863,1922 (US). 

4. EVOLVULUS 

Key to the species of Evolvulus 

1. Peduncles very short, and pedicels shorter than the leaves; flowers 

usually white... 1. E. sericeus 

Peduncles as long as the leaves or longer. (2) 

2. Leaf-blades linear or linear-lanceolate 

. 2a. E. alsinoides var. angustifolia 

Leaf-blades ovate .. 2b. E. alsinoides var. hirticaulis 

1. EVOLVULUS SERICEUS Sw. Prodr. Veg. Ind. Occ. p. 55, 1788. 

Jamaica, Swartz (S, M, as cited by Van Ooststroom, not seen). Ap¬ 

parently we have only the VAR. SERICEUS, sensu Van Ooststroom 

(1934: 126ff.), of the form in which the upper surface of the leaf is 

essentially glabrous. 

The species as a whole occurs south to Argentina and Chile and 

north to Florida, southeastern California, southern Arizona, southern 

New Mexico, and to Tarrant, Bexar, and Harris counties, Texas. These 

are perennial herbs, frequent in prairies on both sand and clay, but 

probably more abundant in clay loam than in coarser soils. The spe¬ 

cies was probably first collected in southern Texas by Berlandier on 
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his April 1834 trip from Matamoros north to San Patricio (specimens 

seen, s.n,) , I have seen modern collections from Cameron, Jim Hogg, 

Kenedy, Kleberg and Nueces counties. 

2. EVOLVULUS ALSINOIDES (L.) L. Sp. PL ed. 2, p. 392, 1762, 

based on Convolvulus alsinoides L. Sp. PL p. 157, 1753. ('Habitat in 

Malabaria, Zeylona, Bisnagaria, Bahama.” (Linn 393.3, as listed by 

Savage, 1945: 56). The Texas material may be classified vaguely into 

two groups of plants as indicated by the key above; the broader- 

leaved “variety” is more common in our area. 

2a. E. ALSINOIDES VAR. ANGUSTIFOLIA Torr., Bot. Mex. 

Bound, p. 150, 1859. “Great Canon of the Rio Grande [Santa Elena 

Canyon, Brewster County, Texas], Parry.” (GH?, NY?, not seen). 

Into the synonymy here, at least partly as they are treated by Van 

Ooststroom (1934: 33-34) fall E. acapulcensis Willd. and E. debilis 

H.B.K. 

2b. E. ALSINOIDES VAR. HIRTICAULIS Torr., lx. 1859. “Brazos, 

San Jago [Brazos Santiago, Cameron County], Texas, and on the Rio 

Grande near the San Pedro [ = Devil’s] river, May-September; Schott 

[in 1853]. Western Texas, Wright. Monter[r]ey [Nuevo Leon], 

Mexico; Dr. Edwards.” Into the synonymy here, at least partly as it is 

treated by Van Ooststroom (1934: 32), falls E. adscendens House, 

Bull. Torr. Bot. Club 33: 317, 1906. Near Colima, Colima, E. Palmer 

43 in 1897 (US). Some of our plants fit the description of the var. 

Grisebachianus Meisn. Mart. FL Bras. 7: 344, 1869, of the Caribbean 

area. 

One may well wonder by Van Ooststroom, who supposedly saw the 

New York material, failed to establish the identity of Torrey’s va¬ 

rieties; he listed both doubtfully in the synonymy of E. debilis.Torrey’s 

diagnosis of the var. hirticaulis is not ambiguous; a type should be 

selected. 

The species as a whole is widely distributed in the warm parts of 

the world in Africa, southern Asia, Malaysia, Australia, and in the 

warm parts of the Americas south to Ecuador, Bolivia, and Brazil, and 

north to Arizona, New Mexico, central Texas, and Florida. The var. 

hirticaulis apparently occurs sporadically in Texas, Mexico, and 

Central America. The var. angustifolia apparently ranges still more 

widely. 

In coastal southern Texas these are perennial herbs, abundant in 

sandy prairies, particularly those on loose sand, and present and 

locally plentiful in open places on finer-textured soils, and in brush 

and live oak woods. The species was first collected in far southern 
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Texas by Berlandier, and is now represented by exsiccatae from all 

counties. 

5. BREWERIA 

BREWERIA MICHAUXII Fernald & Schubert, Rhodora 51: 37,1949. 

I am tentatively referring our plants here. They also show some rela¬ 

tionship to B. villosa Nash, Bull. Torrey Bot. Club 22: 508 [154?], 

1895, of Florida. The genus is in need of thorough study. 

I have seen the following collections from our area, all from north¬ 

eastern Nueces County. Flour Bluff, Tharp, May 12, 1928 (TEX); 3 

miles south of Flour Bluff in deep sand among low scrubby oak, F. B. 

Jones 715, May 1, 1952 (SMU); 10 miles east of Corpus Christi, sandy 

soil in Spartina grassland, Turner 5965, June 5, 1956 (TEX). 

6. IPOMOEA 

1. IPOMOEA PES-CAPRAE (L.) Sweet, Hort. Suburb. Loud. p. 35, 

1818. Based on Convolvulus Pes-Caprae L. Sp. PL p. 159, 1753. “Hab¬ 

itat in India.” (LINN 218.59, as listed by Savage, 1945: 33: Lin¬ 

naeus also cites two figures which could be used for type purposes.) 

We have only the VAR. EMARGINATA Hall. f. Bull. Soc. Roy. Bot. 

Belg. 37: 98, 1898. Based on Convolvulus brasiliensis L. Sp. PI. p. 159, 

1753. “Habitat in Brasiliae, Domingo maritimis.” (No specimen is 

listed by Savage; perhaps the name may be allowed to rest on the 

plate of Plumier, Descr. PI. 1’Amer. tab. 104, 1693, cited by Lin¬ 

naeus.) The only other variety of this species is the var. Pes-Caprae, 

with deeply two-lobed leaves, which “seems to be restricted to the 

coasts of continental tropical Africa, a few localities on the East 

African coast, and one or two localities in Malaysia,” according to 

Van Ooststroom (1940: 533). 

This is one of the few strand plants which enjoyed a natural pre- 

Columbian pantropical distribution by virtue of its floating seeds 

(teste Merrill. 1954: 222, 254, 260, 333). In America it occurs north 

to the Gulf states and to Georgia. These are abundant perennials in 

loose sand of the Gulf beach in southern Texas, first collected in 1853 

at Brazos Santiago. Cameron County, by Schott (Torrey, 1859: 149). 

2. IPOMOEA STOLONIFERA (Cyrill) J.F. Gmelin, Syst. 1: 345, 

1796. Based on Convolvulus stoloniferus Cyrill, Pl. Rar. Neap. fasc. 

1: 14, 1788. West India Islands, Guiana, and Brazil. 

Convolvulus littoralis L. 1759; but not Ipomoea littoralis Blume, 

Bijdragen tot de flora van Nederl. Indie, p. 713, 1825. Roberty (1953: 

40) indicates erroneously that Blume’s name is a new combination of 
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Linnaeus’ name. House (1908: 213) and Van Ooststroom (1940: 540) 

concur in the synonymy I have given above. 

These are perennial strand plants, distributed by floating seeds, and 

now found in most of the warm coasts of the world, in America north 

to the Gulf states and South Carolina. The Old World occurrence may 

b? the result of 16th-Century introduction (teste Merrill, 1954: 260). 

In southern Texas these are abundant plants on the dunes of the Gulf 

beaches as well as on the loose shell-sand ridges along the mainland 

shore of Laguna Madre. I have collected them on the mainland shore 

in Kenedy and Kleberg counties. The earliest record is apparently a 

collection made in the fall of 1853 at the mouth of Rio Grande by 

Schott (Torrey, 1859: 148). 

3. IPOMOEA FISTULOSA Martius ex Choisy, DC. Prodr. 9: 349, 

1845. At Janeiro on the banks of the Sao Francisco river, on the Bahia- 

Pernambuco border in northeastern Brazil, Pohl (G. BM, not seen); 

and another Brasilian collection, “in udis prov. Piauh. et Paraensis,” 

Martius 2398 (G?, not seen). 

Batatas ? crassicaulis Benth., Bot. Voy. Sulphur p. 134, 1845. 

Guayaquil, Ecuador, Sinclair (K, not seen). 

Ipomoea texana Coulter, Contr. U. S. Natl. Herb. 1: 45, 1890. Santa 

Maria, Cameron County, Texas, Nealley 333 (US, seen). 

O’Donell (1952) indicates that the fascicle in which Batatas ? cras¬ 

sicaulis Benth. appeared was published in 1845 (concurred in by 

Rickett, 1955: 151), and that Bentham, in the same fascicle, refers to 

Choisy’s work, which was published early in January of that year 

(Stearn, 1939 & 1941). Ignoring the possibility that Bentham saw 

Choisy’s work only in manuscript, O’Donell was convinced that 

Choisy’s name was the earlier. 

These are robust perennial herbs or shrubs (in Texas dying back 

after frosts), widespread in moist places in warm American lowlands 

south to Peru and southern Brazil and north to southern Texas; they 

are encouraged as ornamentals, and tend to be persistent and some¬ 

what weedy in disturbed areas. I have seen the species as far north as 

Kenedy County. It is cultivated north to north-central Texas and 

South Carolina. 

4. IPOMOEA PULCHELLA Roth. Nov. PI. Sp. p. 115, 1821. 

I tentatively refer here some vines related to I. cairica (L.) House, 

which are uncommon to rare in the northern part of our area, as 

exemplified by the following: Nueces County, 2 miles north of Calal- 

len near Nueces river, F. B. Jones 933, June 20, 1954 (SMU). 

5. IPOMOEA RUPICOLA House, Ann. N. Y. Acad. Sci. 18: 230, 
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1908. “Jonmave” [i.e. Jaumave] valley, southwestern Tamaulipas, 

Nelson 4448, June 1-6, 1898 (US). This species is fairly closely re¬ 

lated to I. Jalapa (L.) Pursh and to /. macrorhiza Michx. 

These little-known plants occur in dry sparsely brushed uplands in 

Tamaulipas and extreme southern Texas. I have seen the following 

Texas collections: Cameron County, dry clay soil, chaparral, Barreda 

(“rare in this region”), Runyon 2320, September 15, 1940 (US). 

Duval County, caliche outlier of Goliad formation 4 miles northeast of 

Freer and east to the highway, in brush, Tharp & Johnston 541790, 

October 8, 1954 (TEX). Hidalgo County, gravel hills, Sam Fordyce, 

Runyon 14, October 8, 1925 (US); La Joya, Mrs. E. J. Walker in 1940 

(TEX, annotated by O’Donell). Zapata County, 12 miles northeast of 

New Zapata, Tharp & Johnston 541970, October 10, 1954 (TEX). 

6. IPOMOEA TRICHOCARPA Ell. Bot. S. C. & Ga. 1: 258, 1817. 

Based on Convolvulus carolinus L. Sp. PI. p. 154, 1753; but not 

lpomoea Carolina L. Sp. PI. p. 160, 1753. Convolvulus carolinus may 

rest on the figure cited by Linnaeus, Dillenius, Hort. Elth. tab. 84, 

fig. 98, 1732, or upon the specimen at Oxford from which the figure 

was probably prepared (Druce & Vines, 1907: 164). O’Donell (1953), 

who possessed a photograph of the Oxford specimen, was satisfied that 

the name has been properly applied. He segregated the plants of 

Bolivia, Paraguay, and Argentina into the var. australis O’Donell. 

Our plants fall into two varieties. 

1. Calyxes pubescent. 6a. I. trichocarpa var. trichocarpa 

Calyxes glabrous. 6b. /. trichocarpa var. Torreyana 

6a. I. TRICHOCARPA VAR. TRICHOCARPA. 

These morning glories occur in the southeastern United States 

north to South Carolina and west to Oklahoma and the central parts 

of Texas, southwest at least to Kenedy, Willacy, and Cameron 

counties. The range overlaps in Texas with the range of the next 

variety. 

6b. I. TRICHOCARPA VAR. TORREYANA (Gray) Shinners, Field 

& Lab. 21: 164, 1953. Based on lpomoea trifida var. Torreyana Gray, 

Syn. FI. 2(1): 212, 1878. “W. and S. Texas, Wright, Bigelow, Lind- 

heimer, SchottGray based his name mainly on plants which Torrey 

(1859: 149) had listed under “I commutata,” and doubtfully under 

“I. fastigiata.” Under the first Torrey cites a Schott specimen from 

“Rancho San Christobel, lower Rio Grande, May,” and under the sec¬ 

ond: “On the banks and in the bed of the San Pedro [Devil’s] river, 

western Texas; September, (fl. & fr.); Bigelow.” Into the synonymy 

here (placing together the plants with glabrous calyxes) goes /. trifida 
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var Berlandieri Gray, Syn. FL No. Amer. 2(1): 212, 1878, based on 

Berlandier 1931 from Bexar, or San Antonio, Texas, and cited by 

Cfaoisy (1845: 382-383) and by Torrey (1859: 149). I have not seen 

any of these original specimens. The true I. trifida (H.B.K.) G. Don., 

with papery calyx-lobed, as circumscribed by O’Donell (1953: 263) 

does not reach as far north as the United States. 

Plants of the var. Torrey ana occur in northeastern Mexico and 

north and east to north-central Texas. 

7. IPOMOEA HEDERACEA Jacq. Collect, ad Bot. Chem. & Hist. 

Nat. 1: 124, tab. 36, 1787. As indicated repeatedly by Verdcourt 

(1957: 232 & 1958: 84), JacquhTs name is new and must rest on his 

illustration. Van Ooststroom (1940: 499) and Roberty (1953: 37) and 

others have apparently felt that Jacquin’s name is a new combination 

of Convolvulus hederaceus L. Sp PL p. 154, 1753, but as typified by 

Verdcourt (1957 and 1958) the Linnaean name applies to an entirely 

different species. 

These are small annual morning glories ranging widely in the New 

World, north as far as New England and North Dakota. In southern 

Texas they are weedy and not common. The earliest collection I have 

seen from our area is from Cameron County, Brownsville, Runyon 589y 

November 8, 1923 (US). 

8. IPOMOEA AMNICOLA Morong ex Morong & Britton, Ann. N. Y„ 

Acad. Sci. 7: 170, 1893. Growing in thickets and hanging over the 

banks of the Pilcomayo river, Paraguay, Morong 974, March-April,. 

1890 (NY, not seen). The use of this name for Texas plants was first 

made by O’Donell, in annotations. 

These plants are abundant and more or less weedy in southern 

Texas in fairly mesic thickets of Acacia farnesiana (L.) Willd. and 

Parkinsonia aculeata L. in low poorly drained areas of clay soil, especi¬ 

ally along canals and roads. 

House (1908) does not describe any material from North America 

which might be referred here. Since the species was not collected until 

fairly recently in Texas, and not until about 30 years after the earliest 

South American collection, it seems likely that this weedy species is a 

fairly late adventive with us. 

I have seen the following specimens. 

ARGENTINA. Formosa National Territory, without locality, Jor¬ 

gensen 3063 (US); Formosa National Territory, 2 kms. north of 

Pirane, Morel 515, November 29, 1945 (US); Chaco National Terri¬ 

tory, Las Palmas, Jorgensen 2651, November, 1917 (US). BOLIVIA. 
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Dept, of Santa Cruz, open “pampa” at Izozog, Cardenas 2015, April, 

1934 (US). 

TEXAS. Bexar County, near Lake Mitchell, south of San Antonio, 

Tharp & Johnston 541757b, October 8, 1954 (TEX). Cameron County, 

Brownsville, Tharp s.n. (TEX); Brownsville, Runyon 572, October 20, 

1923 (US); Brownsville, Rose <£ Russell 24595 pro parte, October 24, 

1927 (US); Brownsville, Runyon 2904, October 11, 1942 (US); near 

Olmito, Runyon 674, October 20, 1924 (US); near Olmito, Runyon 

2916, November 8, 1941 (US); 2 miles south of La Feria, H. R. Reed, 

October 27, 1947 (SMU); silty loam roadside, Laguna Atascosa Na¬ 

tional Wildlife Refuge, M. C. Johnston 542182 (TEX). Hidalgo 

County, south of Alamo, Clover 1416 (TEX, annotated by O’Donell); 

south of Pharr, H. R. Reed 591, October 24, 1947 (SMU); half mile 

south of Donna, Whitehouse 44260, August 20, 1944 (SMU); 7 miles 

south and 2.4 miles southeast of McAllen, Shinners 17149, Novem¬ 

ber 7, 1953 (SMU); 1.5 miles east of La Joya, Cory 51556, Novem¬ 

ber 29, 1945; low muddy area 0.2 mile west of Puerto Rico, M. C. 

Johnson 541870, October 9, 1954 (TEX). Nueces County, near Robs- 

town, J. J. Tabenhaus 2581, September 16, 1930 (US); ditches 4 miles 

east of Clarkwood, Cory 51284, November 28, 1945 (SMU); black 

alluvial clay in Agua Dulce creek bottom, highway 44, M. C. Johnston 

545211, November 30, 1954 (TEX). Starr County, gummy black clay 

loam in low place 10.7 miles northeast of Rio Grande City on road 

No. 755, Tharp <6 Johnston 541905, October 8, 1954 (TEX). Zapata 

County, New Zapata, Tharp & Johnston 541955, October 10, 1954; 

2.6 miles northeast of Bustamante on road to Escobas, Tharp & John¬ 

ston 541972, October 10,1954 (TEX). 

7. MERREMIA 

MERREMIA DISSECTA (Jacq.) Hall. f. Engler, Bot. Jahrb. 16: 552, 

1893. Based on Convolvulus dissectus Jacq. Obs. 2: 4, tab. 28, 1767. 

America. The name may rest on the illustration. In synonymy, accord¬ 

ing to Van Ooststroom (1939: 328-329) and O’Donell (1941: 496) 

goes Ipomoea sinuata Ortega, Hort. Matr. Dec. p. 84, tab. 7, 1798, 

based on plants grown at Madrid from American seed. We have only 

the VAR. DISSECTA, sensu O’Donell. 

Plants of the species occur in some parts of Africa, India, and Aus¬ 

tralia, and in American lowlands south to Argentina and Bolivia, and 

north to southern Georgia, and to Val Verde, Uvalde, Travis, and 

Aransas counties, Texas. They are, in our area, more or less weedy in 

a variety of soils and situations. The earliest collection was made at 
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Matamoros, Tamaulipas, Berlandier 2337, November, 1831 (GH, 

cited by O’Donell, 1941: 499). 

8. OPERCULINA 

OPERCULINA PINNATIFIDA (H.B.K.) O’Donell, Lilloa 23: 432, 

1950. Based on Convolvulus pinnatifidus H.B.K. Nov. Gen, & Sp. 3: 

108 (quarto), 1818. Kunth said his species was from Cuba, but 

O’Donell (1950: 433), not having seen any Cuban or Antillean speci¬ 

mens, conjectured that Kunth may have confused the Mexican local¬ 

ity Regia with a similarly named Cuban locality; the holotype, Bon- 

pland (P, not seen), was annotated in Kunth’s hand “Havana.” 

Ipomoea ornithopoda Rob., Proc. Arrier. Acad. 27: 183, 1893. Hills, 

Canoas, San Luis Potosi, Pringle 3553, July 1890 (GH, not seen). 

These are more or less weedy vines of the Mexican lowlands, occur¬ 

ring as far north as Sonora and the delta of Rio Grande. O’Donell cites 

two specimens from our area: Cameron County, 12 miles from 

Brownsville toward San Benito, Ferris & Duncan 3212, July 1-5, 1921 

(MO, not seen); and Hidalgo County, Hidalgo, Owens 140, August 

1940 (TAES). I have seen two other specimens from our area: Cam¬ 

eron County, “abundant” at Olmito, Runyon 477, July 10, 1923 (US); 

and Nueces County, 14 miles southwest of Corpus Christ! in heavy 

clay soil growing over bushes in pasture and also climbing fence posts 

along road, F. B. Jones 738, September 24, 1952 (SMU) 

9. CONVOLVULUS 

The two indigenous Convolvulus species apparently show the effects 

of broad-scale introgression in the past. Most specimens can pass easily 

under one or the other of the two names given below, but some speci¬ 

mens are nearly intermediate. The key is suggestive of the combina¬ 

tions of characters to be expected in the more nearly “pure” or ge¬ 

netically uncontaminated plants, but it is not to be expected that all 

specimens can be identified with much confidence. 

Key to the species of Convolvulus 

1. Pubescence comparatively short and velvety; leaf-blades hastate 

with two or three small lobes on each side at base, and a long 

narrow main portion with entire parallel sides; calyx usually 

smaller than 10 mm.; corolla often little more than 10 mm. long; 

calyx not auricled at the sinuses ..1. Convolvulus incanus 

Pubescence comparatively long-sericeous; leaf-blades broad, sinu¬ 

ate-dentate, basally cordate but scarcely hastate, not laterally 
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lobed; calyx often 10 mm. long; corolla often 20 mm. long; calyx 

auricled at the sinuses.2. Convolvulus hermannioides 

1. CONVOLVULUS INCANUS Vahl, Symb. 3: 23, 1794. “Amer¬ 

ica.” Presumably the name is based on a specimen at Copenhagen. I 

am following Gray (1878: 216-217), who first used the name for our 

plants, subordinating under it Convolvulus equitans Benth., PL Hart- 

weg. p. 16, 1839, based on a central Mexican specimen, Hartweg 98 

(K, not seen); and Convolvulus lohatus Engelm. & Gray, PL Lind- 

heimer 1: 252, 1845, a new name for Convolvulus hastatus Nutt. 

Trans. Amer. Phil. Soc. n.s. 5: 194, 1835 [non C. hastatus Forskal, 

1775]. High hills of Red river, contiguous to the confluence of the Kia- 

mesha, present Choctaw County, Oklahoma, Nuttall, May 22-June 13, 

1819 (BMP, apparent isotype seen, PH). Gray also put in synonymy 

here two of Cavanilles’ South American species, C. bonariensis and C. 

dissectus, which, though related, are probably distinct, as indicated by 

annotations of O’Donell and by the entry in Cabrera (1953: 383). 

Plants of this species occur as far north as Kansas and Colorado, as 

far west as Arizona and Durango, and south to the valley of Mexico 

and to Puebla. In southern Texas they are abundant sprawling peren¬ 

nial vine-like herbs of grassland and open brush, apparently not toler¬ 

ating shade (?). Fairly pure specimens of this species have been col¬ 

lected in nearly every county of southern Texas. 

2. CONVOLVULUS HERMANNIOIDES Gray, Syn. FI. No. Amer. 

2(1): 216, 1878. Though he does not cite specimens, Gray refers to the 

Texan specimens cited (under “C. Hermanniae L’Herit.”) by Choisy 

(1845: 408-409), “Mexici ad Bejar [ = San Antonio], (Berlandier !)” 

(G, not seen); and by Torrey (1859: 148), “River banks and ravines; 

Presidio Falls, Rio Grande to Eagle Pass, March-November; Schott, 

Bigelow” (NY?, not seen). I have seen two specimens (US) of the 

Boundary Survey “make,” Nos. 980 and 981, which may represent 

some of the original collections. 

Evidence of spread of C. hermannioides “genes” into C. incanus is 

apparent in specimens of this latter species from as far away as Okla¬ 

homa, Randall County in the Texas Panhandle, in Trans-Pecos Texas, 

and in eastern Coahuila. Using Edgar Anderson’s method of extra¬ 

polated correlates, the existence in southern Texas of “pure” C. her¬ 

mannioides probably could have been predicted by a study of appro¬ 

priate characters of the C. incanus populations. 

Several of the specimens, including the Boundary Survey specimens 

mentioned above, and some other specimens (Lindheimer, Hall, etc.) 

annotated in Gray’s own hand, are intermediate in many characters 
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between C. incanus and C. hermannoides in the present sense. Prob¬ 

ably Gray did not have available material of what I would consider 

the “purest” C. hermannoides. Nevertheless, to avoid further nomen- 

clatorial instability in this group, I will apply Gray’s name to the 

“pure” southern Texas plants. Some of these plants are cited below. 

Brooks County, 1 mile south of Falfurrias in deep sandy soil,F. B. Jones 

694, March 20, 1952 (SMU); Cameron County, Santa Maria, Nealley 

171 =334 in 1889 (US, cited by Coulter, 1890: 45); frequent in woods, 

Brownsville, Hanson 512, May 17,1919 (US); vicinity of Brownsville, 

Skiller 197, in 1941 (US). Hidalgo County, sand north of Edinburg, 

Runyon 890, July 16, 1925 (US); sandy loam near San Manuel, Run¬ 

yon 2627, May 4, 1941 (US); Edinburg, Shiller 813, August 1941 

(US). 
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Palagonite Tuff From Alpine, West Texas1 

by W. T. HUANG 

Baylor University 

While conducting a field course in the spring of 1958 for Sul Ross 

State College at Alpine, Texas, the writer had an opportunity to study 

a collection of volcanic rock specimens in the Big Bend Museum on 

the campus. Several fine-grained to dense brownish-black rock speci¬ 

mens had a conchoidal fracture and satin-like luster, giving them the 

appearance of cannel coal. Though the rock was not identified, the 

locality of the specimens was given. The writer visited the locality and 

collected additional specimens. 

FIELD OCCURRENCE 

The rock occurs in an area about 2 miles southwest of Miles Pierce 

Ranch, between two small syenite intrusives, 21 miles southeast of 

Alpine, and comes from a series of lava flows and beds of volcanic 

origin of Tertiary age. 

The rocks of the vicinity show wide variations in color, texture, 

structure and degree of alteration. It is not always possible to deter¬ 

mine from megascopic examination which rocks are lavas and which 

are altered tuffs. At several places, in a dissected mass of tilted and 

crumbled volcanic deposits between trachyte and basalt, altered tuff 

and tuff-breccia with intercalated calcareous beds form layers that 

average about 4-5 feet in thickness and range from less than 1 foot to 

12 feet. An ashy, rusty brown rock containing abundant calcite ap¬ 

pears to be an altered basaltic tuff. Another tuffaceous bed, well ex¬ 

posed on both sides of a small gully, consists of crudely to well-strati¬ 

fied, angular to subangular fragments. A few basaltic pebbles and 

cobbles as much as 2 inches in diameter were found in this bed. The 

fresh surface of the rock is light olive gray to pale brown (Rock Color 

Chart Committee, 1948); the weathered surface is light olive gray to 

brownish black. 

1 Presented at the meeting of Section IV, Texas Academy of Science, Houston, 

Texas, December 12, 1958. 
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PETROGRAPHIC DESCRIPTION 

The tuff consists of numerous small bodies of dark liver-brown 

palagonite mixed with opaline matrix, tourmaline euhedra and zeolite 

minerals. The dark-colored material shows weak to moderately strong 

anisotropism. The refractive index is 1.488, but measurements as high 

as 1.582 were obtained. About half or slightly more of the volume of 

the rock is composed of these bodies of palagonite; they average 0.14 

mm in diameter, and are fairly uniform in color and shape (Fig. 1). 

Fg. 1. Photomicrograph showing representative area of palagonitic bodies (light to dark 

areas), opal matrix, detrital quartz and biotite of the altered tuff. Note that the rock is 

devoid of carbonation. Plain light; x 128. 

The opal is colorless with a refractive index ranging from 1.454 to 

1.442, and appears to be microcrystalline in certain portions. Some 

opal grains also show weak to moderately strong anisotropism. Chalce- 

donic varieties of silica occur as irregular bodies and veinlets. 

Of particular interest is the alteration of glass shards and volcanic- 

rock fragments, leading to the formation of zeolite minerals. X-ray 

analysis indicated the alteration products to be analcime and laumon- 

tite. McAnulty has studied the geology of the Cathedral Mountain 
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Quadrangle, just south of the Alpine quadrangle, and stated that zeo- 

litization and analcimization are common alteration features in the 

volcanics, but mentioned some unidentified zeolites (1955:553). It is 

possible that the unidentified zeolite minerals are those just men¬ 

tioned. That the alteration of volcanic glasses may result in the forma¬ 

tion of laumontite, with some evidence of an intermediate stage of al¬ 

teration to heulandite or analcime has been established by Coombs 

(1952), and is here confirmed. A similar zeolitic alteration of glass 

shards, volcanic-rock fragments and feldspar grains in tuffaceous 

sediments in Karnes County, Texas, has been recently reported 

(Weeks, etal, 1958:1659). 

Tourmaline, while not found in the tuff of Alpine and vicinity, does 

occur in the palagonite tuff. That the tourmaline crystals are confined 

to the altered tuff is no doubt due to emanations from the adjacent 

masses of syenite. 

A few small, detrital grains of quartz, biot:te, feldspar, and volcanic 

rock fragments were observed. The rock fragments have been so 

strongly altered that the relict feldspar laths are now composed es¬ 

sentially of carbonates. 

Carbonates occur in variable amounts and in places have completely 

replaced the opaline matrix (Fig. 2), indicating a widespread occur¬ 

rence of carbonation. As already stated, the rock may be ashy, and 

calcite aggregates are plentiful. This feature is reminiscent of the re¬ 

placement of Ordovician volcanic ash by calcite in Oranda and Fishers 

Hill, Virginia (Bailey and Young, 1956). 

The palagonite tuff from Alpine, Texas, is in some way similar to 

that from Vantage, Washington, described by McConnell (1956), in 

its alteration and textural character. Though zeolite minerals were not 

detected in the Vantage palagonite tuff. McConnell remarked that 

their complete absence would be unlikely in a rock of this type. The 

Alpine tuff contains few magnetite crystals, whereas in the Vantage 

tuff numerous small magnetite grains usually occur interstitially 

among the palagonitic bodies. The magnetite is attributed to the re¬ 

cry stalization of or introduction of iron-bearing substances during the 

highest temperature phase of the metasomatic processes. 

CONCLUDING REMARKS 

In attempting to reconstruct the geologic history of the palagonite 

tuff, the following factors may be considered. First, the palimsest tex¬ 

tures of the rock particles imply a basaltic composition. The types of 

alteration observed indicate that these lithic fragments were also sub- 
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Fig. 2. Phofomicrograph showing intensive carbonation (high relief, dark gray areas). 

Relict feldspar laths, biortte, opal, glass shards, quar;z and sporadically distributed in the 

specimen. Plain light; x 35. 

jected in situ to the same alteration processes as the main material of 

the tuff: both tuff and lithic fragments have either undergone zeolitic 

alteration or were replaced by chalcedonic veinlets which were in 

turn subjected to carbonation. Second, the predominance of palagonitic 

bodies indicates that the reck was originally deposited as a vitric tuff 

of basaltic composition, which subsequently has been drastically al¬ 

tered through zeolitization, silicification, and carbonation. Third, the 

alteration of the tuff is complex but is chiefly hydrothermal. The al¬ 

terations are spatially related to nearby syenite intrusives, and the 

small tourmaline crystals in the tuff indicate emanations from adja¬ 

cent igneous bodies. 
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Protolysis Equilibria of Trienthanolamine 

by HANS WEIDMANN and HOWARD K. ZIMMERMAN, JR. 

Agricultural and Mechanical College of Texas 

Although a plentiful repertory of buffering materials for use in 

both the acidic and alkaline ranges of pH is widely available, it has 

long been realized that serious limitations exist with regard to buffer 

agents for the pH range 7 to 9. In this physiologically important 

range, the well-known phosphate buffers often introduce undesirable 

side effects on certain biological processes (1), and the same is also 

true of borate buffers (5) in certain cases involving polyhydric com¬ 

pounds such as the carbohydrates. The use of veronal, the best-known 

alternative agent, as a buffer in this region is limited by the low solu¬ 

bility of the free acid. In recent years, the application of certain of the 

aminoalcohols as buffers in this pH range has shown considerable 

promise (2). Among this class of compounds is triethanolamine, a 

compound which is reportedly not metabolized by a wide variety of 

micro-organisms, cells, and tissues (1). A limited amount of protolysis 

data is recorded for triethanolamine in the temperature range, 20-30° 

C. (3, 4). Since this temperature range lies outside the region which is 

usually of physiological importance, it was of interest to extend our 

information to include this next higher decade of temperatures, and, 

inasmuch as the measurements were to be undertaken for that region, 

it was decided to make a complete investigation over the broad range 

from 10 to 50° C. 

EXPERIMENTAL 

Materials: Technical grade triethanolamine was purified by distil¬ 

lation under reduced pressure through a Vigreux column, the fraction 

lying between the first 40% and the last 30% of the starting material 

being saved. The reflux ratio was about 9:1. The stock solutions of 

triethanolamine and of A.R. grade HC1, and KC1 which were em¬ 

ployed were prepared in C02-free distilled water, and the standardi¬ 

zations of the HC1 and the triethanolamine were based on potassium 

acid phthalate as primary standard. Approximately 0.2 molar KC1 

solution was prepared by weight. 

Measurements: A Beckman Model H-2 glass electrode pH meter 
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was used to determine the pH of each sample in a series of solutions 

containing a 1:2 mole ratio of HC1 to triethanolamine. The several 

samples also contained graduated amounts of KC1 solution, which 

served to give a series of ionic strengths. Each series of measurements 

was performed with the sample cell in a water bath wherein the tem¬ 

perature was regulated within a maximum deviation of 0.1° C. 

RESULTS AND DISCUSSION 

Each of the solutions investigated is seen to have been half-neutral¬ 

ized with respect to triethanolamine, so that the ratio of triethanol¬ 

amine to triethanolammonium ion was always unity. Thus, in the 

absence of ionic strength effects, the pH measured for each solution is 

equal to the value of pKa for the acidic ionization of the triethanol¬ 

ammonium ion: 

HTEA+ H+ + TEA (1) 

Experimentally, the ionic strength effect was eliminated by determin¬ 

ing the pH at a known series of ionic strengths up to a value of about 

0.15. The apparent pK'a (which is identical with this pH) was then 

extrapolated to zero ionic strength to obtain the limiting (or thermo¬ 

dynamic) value of pKa. The resulting limiting values are compared 

with those from the literature in Table 1. 

The entire group of data may be fitted by the method of least squares 

to give pKa as a function of absolute temperature: 

pKa=2.524 + !^A (2) 

Table 1 

Temp., pKa 

°C. This Work Bates and Schwartzenbach Hall and Sprinkle 
(Ref. 3) (Ref. 4) 

10 8.04 

15 7.94 

20 7.80 7.87 

22 7.82 

25 7.81 7.77 7.77 

26 7.75 

30 7.68 

35 7.59 

40 7.52 

45 7.44 

50 7.34 
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From this, it follows that the molar enthalpy of dissociation of the ion 

is 7.15 kcal./mole. 

The extrapolation plots for pH of the half-neutralized solutions 

against the ionic strength, /*, at the several temperatures, all showed 

d(pH) 
approximately the same slope, —-=-. The average of seven plots 

dy. 
yielded a value of 0.806 for this slope. 

The application of the present result to the problem of preparing 

buffer solutions with triethanolamine rests on the relation, 

pH=pKa + log [I^]+] +000 (3) 

From our data, it appears that, for all temperatures, 0(/*) =0.806/*, and 

pKa is given by equation (2). Thus, for any given temperature within 

the range 10-15° C., one may calculate the pH of a triethanolamine- 

HC1 buffer from the equation, 

pH = 2.524 + 
1563 

+ 0.806/* + log 
[TEA] 

[HTEA+] 
(4) 

The ratio in the logarithmic argument of the last term in the right 

member is, of course, determined by the specific ratio of base to strong 

acid which is chosen. 
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The Mapping of Topology to Dual 

by JAMES C. BRADFORD 

Abilene Christian College 

The purpose of this note is to discuss the existence of a lattice homo¬ 

morphism from the lattice of topologies on a vector space to the lattice 

of vector subspaces of the algebraic dual. It is found that such mappings 

are complete lattice homomorphisms for the case of topologies other 

than Hausdorff and are lattice homomorphisms for Hausdorff topolo¬ 

gies on finite dimensional spaces. For infinite dimensional Hausdorff 

spaces, the topologies never form a lattice. 

A locally convex topology on a vector space is a topology which has 

a basis consisting of convex sets. Because a vector space is a group, the 

topology may be given by a base for the neighborhoods of e. These 

neighborhoods will be called nuclei. Every vector space has a set of 

linear real functions, called linear forms, which themselves form a 

vector space called the algebraic dual E+ of E. When E is given a to¬ 

pology, certain of the forms of E+ are continuous. These continuous 

linear forms also form a vector space called the topological dual, de¬ 

noted by E'. Each E' is a subspace of E+. For every subspace E' of E+ 

there is a topology induced on E, called the weak topology WE» associ¬ 

ated with E'. This topology is the weakest topology on E for which 

every linear form in E' is continuous. WE- is given by a sub-base of 

nuclei of all the sets [x e E| |f (x) | ^ 1], where f e E'. The weak to¬ 

pology WE' on E is not Hausdorff unless E' is total in the sense that for 

each x yk 0 in E, there is a f e E' such that f (x) ^= 0. By the Hahn- 

Banach theorem, the dual of each Hausdorff topology must be total. 

By showing that for a total E', the topological dual given by WE' is 

just E', Dieudonne (1) has shown that the total subspaces of E' are 

exactly those subspaces which form topological duals for Hausdorff 

topologies on E. The Mackey theorem characterizes all the locally 

convex topologies which have a given total E' as topological dual. 

1 From the author’s dissertation, directed by Casper Goffman at the University of 

Oklahoma. 

2 Presented to the Texas Academy of Science and the Mathematical Association 

of America, December 1957. 

215 



216 THE TEXAS JOURNAL OF SCIENCE 

There is a strongest topology in each such class of topologies. This 

strongest topology is called the Mackey topology (2). 

The set of topologies on a vector space forms a lattice under the 

usual ordering of “stronger than” or “finer than.” The sup of a set of 

topologies is the topology which has as a sub-base the union of the 

given topologies. The inf of a set of topologies is one whose nuclei are 

those balls which are nuclei of each of the given topologies. Similarly, 

the subspaces of E+ form a lattice ordered by inclusion. The sup of a 

set of subspaces is the smallest subspace containing the given sub¬ 

spaces. The inf of a set of subspaces is their intersection. There is a 

natural mapping between topologies and duals, namely, let each 

topology correspond with its topological dual. Many topologies may 

correspond to the same dual. If Hausdorff topologies are considered, 

only total subspaces correspond as duals. Any subspace may qualify 

if Hausdorff topologies are not required. If E is finite dimensional, it 

has only one Hausdorff vector space topology and only one dual, E 

itself. 

Lemma 1. Let (ta) be a class of topologies and let (Da) be the corre¬ 

sponding class of duals. Then if t is the sup of the ta and D is the sup of 

the Da, then D is the dual of t. 

Proof. First, since t is stronger than ta for each a, Dt—the dual of t— 

contains Da for each a, so that Dt contains sup Da = D. Next, since D 

contains Da for all a, the Mackey topology rD for the dual D is stronger 

than ta for all a. Thus by the sup property of t, rD is stronger than t 

so that D contains Dt. 

Lemma 2. If inf ta—t and inf Da —D, then D is the dual of t. 

Proof. Since t is weaker than ta for each a, Dt—the dual of t—is con¬ 

tained in Da for all a. Hence D contains Dt. On the other hand, since 

Da contains D for all a, WD, the weak topology induced by D, is 

weaker than ta for all a so that WD is weaker than t. Hence Dt con¬ 

tains D. 

Lemma 3. If E is an infinite dimensional space, there are two Haus¬ 

dorff topologies whose inf is not a Hausdorff topology for E. 

Proof. Two total subspaces of E+ will be exhibited whose intersection 

is the zero function. Thus the inf of the two corresponding topologies 

will be the indiscreet topology. If (xa) is a Hamel basis for E, then 

each linear form on E is determined by an arbitrary real function on 

the (xa) • A space of these functions determines a subspace of E+. The 

functions on the xa which are zero except for a finite number of the 

Ts, form a space which is total. For, if x = a1xai + : . . + anxan then 

the function which maps xax into 1 and all the other xq> into zero maps 
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x into a.,, Another total subspace of functions is that consisting of 

functions f such that f (xtt+m) = f (xtt+m+n) for every ordinal a which 

has no immediate predecessor, for fixed n, and for m = 0, 1, 2, . . . . 
Such functions may also be described as periodic over all sets of ordi¬ 

nals a, a-1-1, a+2, . . . , a+n, . . . where a has no immediate predecessor. 

This is also a total subspace. For, if x is written as a finite sum as 

above, where the ads are in their natural order, then the function 

which is zero for all a < an and such that f(x^n) — 1 maps x onto 

an» The intersection functions consist of the zero function alone. For, 

the first space consists of functions which are zero except on a finite 

set, while the second space consists of functions which take on each of 

their values an infinite number of times. 

The above lemmas are summarized in the Theorem. The mapping 

of Hausdorff topologies on a vector space E to their duals is a lattice 

homomorphism if and only if E is finite dimensional; the mapping is 

always sup preserving. For topologies not Hausdorff, the mapping is a 

lattice homomorphism for all dimensions. 
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The Williams Site and Central Texas Archeology 

by DEE ANN SUHM 

The University of Utah 

INTRODUCTION 

Remains of long-abandoned Indian camps occur abundantly along 

virtually all reliable water courses in central Texas. One of the most 

typical of these sites is the burnt-rock midden—a former campsite 

marked by accumulations of fire-cracked limestone. Burnt-rock mid¬ 

dens consistently appear as knolls composed of small angular lime¬ 

stone fragments mixed with charcoal and ash-stained soil, artifacts, 

chipping refuse and faunal remains (Kelley and Campbell, 1942). In 

spite of the countless number of burnt-rock middens in the central por¬ 

tion of the State, very few have been systematically excavated and re¬ 

ported in detail. It is known, none the less, that the major occupation 

at burnt-rock middens can be attributed to a long-lived local manifesta¬ 

tion of the Archaic, the Edwards Plateau Aspect. The upper portion 

of a midden may contain a second component, the Central Texas As¬ 

pect, which usually appears to represent a later re-occupation of a site. 

The Central Texas Aspect is readily distinguished from the Edwards 

Plateau Aspect by the presence of smaller projectile points (presum¬ 

ably arrow points) and. on occasions, by pottery. The Central Texas 

Aspect, however, is not consistently present at burnt-rock middens. 

The bulk of the midden accumulations can be assigned to the Edwards 

Plateau Aspect. 

Although the general sequence of accumulation and cultural affili¬ 

ations of burnt-rock middens are well known, there remains the 

especially troublesome problem of recognizing more subtly distinguish¬ 

able occupations at a single site. This problem is integrally intermeshed 

with the definition of foci of the Edwards Plateau Aspect and, to a 

much lesser extent, of the Central Texas Aspect. The Edwards Plateau 

Aspect has been divided into three foci—Round Rock, Clear Fork and 

Uvalde—largely on the basis of the geographic occurrences of certain 

projectile point types in central Texas (Kelley, 1947a, b). On much 

the same basis the Central Texas Aspect has been separated into the 

Austin and Toyah foci (Kelley, 1947a, b). Recent evidence (Jelks, 

1953; Suhm, 1957) has confirmed this two-fold division of the Central 
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Texas aspect and has further established that the Austin Focus pre¬ 

ceded the Toyah Focus. By contrast, the foci of the Edwards Plateau 

Aspect remain tenuous and in dire need of critical evaluation. 

A part of the difficulty in distinguishing foci of the Edwards Plateau 

Aspect seems to reside in the nature of the burnt-rock midden, one of 

the most typical kinds of Edwards Plateau Aspect sites. The basic prob¬ 

lem lies in the homogeneous content of the midden deposit, and in the 

frequent absence of clear-cut artifact stratigraphy. Yet, repeated occu¬ 

pation of a midden is suggested by the size of the accumulation and, 

more importantly, by the diversity of the projectile points recovered. 

Projectile point styles (i.e., dart point types), numerous and varied 

in the Edwards Plateau Aspect, seem to provide the best clues to pos¬ 

sible geographic and temporal differences within this widespread and 

long-lived culture complex. Unfortunately, detailed distributional 

studies, especially intrasite occurrences, of Edwards Plateau Aspect 

projectile points are few. 

Aware of the need for careful investigation and analysis of burnt- 

rock middens, students from The University of Texas voluntarily 

undertook the systematic excavation of a typical midden, the Williams 

Site. The Williams Site is located 7 miles northwest of Austin, Texas. 

The site was selected because it promised to contain considerable depth 

and artifact diversity, and yet could be adequately sampled by a small 

crew. Excavation, confined to Sundays because of students’ schedules, 

was begun in October, 1955 and continued until mid-May, 1956. It is 

the purpose of this paper to report the results of this excavation, to 

present a technique believed to be especially appropriate for burnt- 

rock midden analysis and, finally, to re-examine the foci defined for 

central Texas in light of the findings made at the Williams Site. 

NATURAL SETTING 

The Williams Site is situated on, and partly buried in, the highest 

(third?) terrace of upper Bull Creek. Approximately 150 feet to the 

south of the site lies the gravel stream bed of the now-intermittent Bull 

Creek (Fig. 1, A). In this vicinity, Bull Creek has become deeply en¬ 

trenched and has created a valley varying from approximately 100 to 

200 yards in width, with steep, vertical bluffs opposed by alluvial ter¬ 

race deposits sufficiently large for modern cultivation. Several miles 

to the south of the site lies the Balcones escarpment, which clearly 

delineates the southeastern boundary of the Edwards Plateau. 

The Edwards Plateau is one of several divisions of the Great Plains 

physiographic province, a term applied to a broad belt of highland 
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which slopes gradually eastward from the Rocky Mountains to the 

Central Lowlands (Fenneman, 1931; 1). The plateau itself is an up¬ 

lifted limestone region lacking a fluviatile mantle over much of the 

area. The northern and flatter portions of the Edwards Plateau, how¬ 

ever, differ little from the High Plains. In contrast, the southern region 

appears as ranges of wooded hills emerging abruptly from the Coastal 

Plains. This much eroded southern region is referred to locally as the 

“hill country.” 

Perennial and intermittent streams, as well as springs, are numer¬ 

ous in the area. Large quantities of good flint occur in the gravel stream 

beds and as lenses in the limestone deposits. The limestone hills are 

thickly covered with juniper, oak and chaparral; the valleys support 

oak, pecan, walnut, elm and, immediately adjacent to the streams, 

cypress and cottonwood. Edible plant products include pecans, walnuts 

and acorns. Mammals, especially deer, raccoon, opossum and skunk, 

are still fairly plentiful in the area. 

EXCAVATION 

To establish a system of horizontal control, the site was staked out 

into a grid consisting of 5-foot squares. The coordinates were oriented 

in terms of the cardinal directions and, thus, a square appears as 

E55-60, N35-40 (Fig. 2). Each square was excavated in arbitrary 

6-inch levels, which served as the system of vertical control. 

Midden refuse was distributed over an area approximately 140 feet 

by 70 feet. In the portions excavated, occupational debris extended to 

a maximum depth of 42 inches, and thinned out in the marginal areas 

to a depth of less than 12 inches. The Williams Site actually contained 

2 middens with a shallow, but continuous, accumulation between 

them. Initial excavation plans were to trench extensively both middens 

and to test regions adjacent to them. However, these plans were not 

fully realized and it became necessary to concentrate on the larger of 

the 2 middens (Fig. 2, Midden I) and the areas peripheral to it. 

Aside from the 2 middens, the only features noted were several pits 

(probably firepits) measuring 8 to 12 inches in width and 6 to 10 

inches in depth. They had been dug into Stratum II from Stratum III. 

They were not stone lined, nor did their contents differ from that of 

Fig. 1. A, View of Williams Site and environs, looking south from slope of limestone hill. 

Light area in central portion of photograph is burned limestone fragments. Bull Creek lies 

just beyond the row of trees in the background. B, close up of trench wall, showing concentra¬ 

tion of midden deposit. 
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Fig. 2. Contour map of Williams Site showing concentrated midden areas (hatched), 

grid system, and extent of excavation. Only the larger of the 2 middens (designated num¬ 

ber I) was excavated. 

the midden deposit. No burials or scattered finds of human bones were 

discovered. 

STRATIGRAPHY 

In all trenches and squares 2 to 3 zones were readily visible (Fig. 1, 

B). The deepest of these (Stratum I) was a compact terrace gravel 

upon which the occupation of the site first began. Although an occa¬ 

sional artifact was found in the uppermost part of the gravel, several 

pits extending well into Stratum I failed to produce additional evi¬ 

dence of occupation. Stratum I varied from 16 to 36 inches below the 

surface. The thickness of the gravel deposit was not determined. 

Gradually the gravel faded into a gray soil containing scattered 

hearthstones and artifact remains (Stratum II). Stratum II, like 

Stratum I, was present in all parts of the site, but underlaid Stratum 

III only in the central portion. Stratum II varied from 6 to 18 inches 

in thickness and from zero to 30 inches below the surface. 

The uppermost Stratum (III) was limited to the central portion of 

the site and was characterized by innumerable angular limestone frag¬ 

ments and black, charcoal-stained soil (Fig. 1, B). Stratum III rep¬ 

resents the period of most intense midden accumulation and may be 
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considered as defining the midden proper. It measured approximately 

30 inches in maximum thickness and almost imperceptibly thinned 

out into- Stratum II along the edges of the midden. 

The scanty material found in Stratum I clearly belongs to the first 

habitation. On the other hand, it was impossible to distinguish between 

the marginal midden accumulations and the layer underlying Stratum 

I in the center of the site. Therefore both are considered to belong to 

Stratum II because of similar lithology, although the artifact content 

makes it obvious that they were, in part, accumulated at different 

times. 

METHOD OF ANALYSIS 

As a first step in the analysis, the 1152 artifacts were grouped into 

assumed functional categories such as projectile points, knives, manos, 

etc. Almost all of the complete or nearly complete projectile points 

were identified as belonging to types defined in previous publications 

on Texas archeology (Miller and Jelks, 1952; Suhm, Krieger and 

Jelks, 1954). Other artifacts were sorted into smaller functional-des¬ 

criptive categories on the basis of form and size. 

After this initial sorting, the complete projectile points were 

weighed to determine whether or not weight could be used as an ob¬ 

jective criterion to segregate the points into the functional categories 

of arrow and dart points, and to provide additional comparative data 

for other archeologists interested in this problem (see Fenenga, 1953, 

for a more detailed discussion). Results of the weighings are presented 

by point types in Table 1. Briefly, arrow points, excluding Young, 

cluster between 1 and 2 grams and dart points, embracing a much 

wider range, have an approximate mean weight of 10.6 grams. Young 

“points” are not included in the arrow point tabulation, as it is thought 

that they may represent small knives (see below). 

The median weights of the dart points and the arrow points agree 

fairly well with Fenenga’s modal weight of 9 grams for the “large 

point” tradition and about 1.1 grams for the “small point” tradition. 

However, in making broad comparisons of projectile point weights, it 

should be recognized that possible regional variations in size and 

strength of the bow (and possibly length of the spear-thrower) very 

likely affected the weight range of adequately functional points. For 

example, if Fenenga’s minimum figure of 4.5 grams is accepted for 

the large point tradition, then the Dari, Ensor, and Edgewood points 

from the Williams Site would have to be classed as small—presum¬ 

ably arrow—points. However, the stratigraphically early position of 
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one Edgewood point (see Table 3) indicates that its cultural affiliation 

should lie with the dart point tradition. The Dari and Ensor points, on 

the other hand, occupy a definitely later stratigraphic position, per¬ 

haps indicating that these 2 types were early adaptations to the bow. 

Some of the heavier specimens listed in Table 1 may actually rep¬ 

resent stemmed knives or lance points, but there are no known ob¬ 

jective bases for delineating the upper limits of dart point weights. Ac¬ 

cordingly, no attempt has been made to distinguish spear or lance 

points, although knives have been defined herein by several arbitrary 

criteria: (1) weights exceeding 22 grams, (2) bases measuring 3 cm. 

or more in width (dart point stems generally do not exceed 2 cm. in 

width), and (3) asymmetry of the specimen. Artifacts classed as 

knives are usually, but not always, stemless. Unfortunately, so many 

knives are incomplete that a detailed weight comparison with pro¬ 

jectile points was not possible. 

Since projectile points showed the greatest variation in the artifact 

inventory, and are believed to be fairly good indicators of cultural 

change, their vertical and horizontal distributions were carefully plot¬ 

ted and analyzed (Tables 2 and 3). Noteworthy patterns were immedi¬ 

ately manifest in this tabulation. The intrasite distributional data, as 

well as comparative studies with other central Texas sites, enabled 

most of the points and other artifacts to be readily associated with 

either the Edwards Plateau Aspect or the later AusL.i Focus of the 

Central Texas Aspect. 

ARTIFACTS OF CHIPPED STONE 

Arrow Points. A total of 94 arrow points was found, 29 of them too 

fragmentary for typological identification, and one that does not have 

characteristics of any recognized type. Of the remaining 65 specimens, 

32 are classified as Scallorn, 14 as Young, 12 as Fresno, and 7 as Eddy. 

With the exception of the Young points, there is a marked weight dis¬ 

tinction between the small arrow points and the larger, heavier dart 

points (see Table 1). 

All points identified as Scallorn (Fig. 3, A-D) fall well within the 

range previously defined for that type (Miller and Jelks, 1952: 176-7; 

Suhm, Krieger and Jelks, 1954: 506). The classification of the convex- 

based, triangular forms (Fig. 3, I, J), however, was more difficult. 

These are readily identifiable as Young points with regard to their 

outline shapes, but exceed the dimensions of other “arrow points” from 

the site (Table 1). On the other hand, an examination of their dis¬ 

tributions indicated that they were associated with the arrow points. 
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TABLE II 

POINTS UNIT 1 UNIT II X2 df SIGNIFICANCE 

BULVERDE 13 9 5.0 4 i . 05 
NOLAN 6 20 

BULVERDE 13 9 2.64 i 
PEDERNALES 20 36 

BULVERDE 13 9 
.017 i 

TRAVIS 10 5 

BULVERDE 13 9 10.51 i .01 
DARL 0 1 4 

BULVERDE 13 9 
4.88 i .05 

ENSOR 1 9 

DARL 0 1 4 5.35 i .05 
PEDERNALES 20 36 

DARL 0 1 4 
II . 35 i .001 

TRAVIS 1 0 5 

DARL 0 1 4 
.029 l 

ENSOR 1 9 
i 

DARL 0 1 4 2.20 i 
NOLAN 6 20 

ENSOR 1 9 5-76 i .02 
TRAVIS 1 0 5 

ENSOR 1 9 
.17 | 

NOLAN 6 20 

ENSOR 1 9 1.53 i 
PEDERNALES 2 0 3 6 

NOLAN 6 20 
.790 | 

PEDERNALES 20 36 

NOLAN S 20 
5.9! i . 02 

TRAVIS 1 0 5 

PEDERNALES 20 3 6 3.47 i 
TRAVIS 10 5 

N (I AD ~ BCI ~ N/2)2 

(A*B) (C + D)(A + C) (B+D) 
Point type X 

Point type Y 

UNIT I UNIT II 

A B 

C D 

Table 2. Summary of chi-square (X2) analysis of' 6 major dart point types, con¬ 

trasting their occurrences in Units I and II (see Fig. 5). Formula used in the 

analysis is indicated at the bottom of the chart along with the sources for the num¬ 

bers given in the cell diagram. For example, in comparing the distribution of 

Bulverde (“X”) and Nolan (“Y”) points, A is 13, B is 9, C is 6, D is 20, and N 

(the total number of specimens of both types) is 48. When the numbers are substi¬ 

tuted in the formula, the resulting figure is 5.04, which with one degree of freedom 

(df) means that such a distribution has a probability of occurring by chance in 5 out 

of 100 times. 

Table 3. Tabulation of all artifacts from the Williams Site by 6-inch levels and 

by 5-foot squares. 
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In view of their size, it seems likely that these and probably many 

other Young “points’5 may actually represent a small knife of the 

Central Texas Aspect. 

Triangular Fresno points (Fig. 3, G, H) differ from Young points 

in that they are smaller, usually better made, and have a different out¬ 

line shape—lateral edges are straighter and the bases are less markedly 

convex than Young points. Arrow points having bulbous stems and 

slightly concave blade edges (Fig. 3, E, F) are identified as the recently 

re-defined Eddy point (Suhm, 1957: 36, Fig. 4, A-D). They are dif¬ 

ferentiated from Scallorn points principally by their only slightly 

expanded stems and because of their later stratigraphic occurrence at 

the Smith Rockshelter {ibid.). The one untyped arrow point (Fig. 3, 

K) is crudely made and is characterized by weak, barbless shoulders 

and a well-rounded stem. 

Horizontal and vertical distributions of projectile points, discussed 

more fully below, suggest that there were at least four more or less dis¬ 

tinct occupations at the Williams Site. The most easily discerned occu¬ 

pation is distinguished by the presence of Scallorn, Fresno and Eddy 

points. The horizontal occurrences of these arrow point types, with the 

exception of one Scallorn point in Unit IXA, are confined to Unit IIB 

(Fig. 5). Moreover, within the area defined as IIB they extend no 

deeper than 12 inches below the surface, and most of them are found 

in the zero to 6 inch level. Although their vertical distributions over¬ 

lap to some extent those of the dart points, it is quite evident that the 

arrow point complex represents the last aboriginal occupation of the 

site. 

Arrow points found at the Williams Site, particularly Scallorn, 

are diagnostic of the Austin Focus, the earliest of the two manifesta¬ 

tions of the Central Texas Aspect. If the late stratigraphic position of 

Eddy points at the Smith Rockshelter is a fairly widespread pattern, it 

then seems that (1) the occupation at the Williams Site represents a 

later phase of the Austin Focus, or (2) the site was frequented several 

times by the Austin Focus without any readily apparent separation of 

occupations. There are some indications in support of the latter hypo¬ 

thesis: Scallorn points were far more numerous than Eddy points, and 

Fig. 3. Arrow and dart points, miscellaneous s;one and bone artifacts from the Williams 

Site. A—D, Scallorn, E, F, Eddy. G, H, Fresno. I, J, Young. K, P, Q. unclassified arrow and 

dar; points. L, M, Edgewood. N, Ensor. O, Ellis. R, Lange. T, U, Castroville. V, Uvalde. W, 

stone pendant. X, possible Kent point. Y, possible Morhiss point. Z, graver. AA, flake 

scraper. BB, thumbnail scraper. CC, DD, spo'ceshaves. EE, FF, bone awls. GG, drill stem in 

same fashion as Pedernales point. HH, T-shaped drill. Length of HH 7.7 cm. 
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they occurred occasionally in the 6 to 12 inch level whereas Eddy 

points were found only in the zero to 6 inch zone. 

Dart Points. Dart points, numbering 402 specimens, constitute the 

largest single category of artifacts obtained from the Williams Site. 

They represent approximately one-third of the total artifact inventory. 

One-hundred and eighty-two of the dart points are identified as be¬ 

longing to 21 different types (see Table 3 for listing of the types). 

Since the dart point types have been described elsewhere in detail 

(Suhm, Krieger and Jelks, 1954), it is necessary to make only a few 

remarks on the typology. Several of the less well-represented types, 

especially Frio (Fig. 4. E), Marshall (Fig. 4, Y), Uvalde (Fig. 3, V), 

and Lange (Fig. 3, R) are somewhat marginal forms as defined in the 

above. By contrast, the numerically better-represented types readily 

formed morphologically consistent groups and were easily identified. 

Blades of 6 dart points, 4 Pedernales and 2 Bulverde (such as Fig. 4, 

R) have been rechipped, as indicated by fresher flaking and/or asym¬ 

metry of the blade. The stem of one Nolan point is beveled to the left, 

while two Nolan stems have both lateral bevels on the same face (all 

other Nolan points are beveled to the right). One point (Fig. 4, R) 

having an alternately beveled stem is classified as Bulverde, rather 

than Nolan, because of its prominent shoulder barbs. Three Dari points 

have beveled blades (for example, Fig 4. A); the remaining Dari 

points have steep marginal chipping along all sides of the blade, and 

none has smoothed basal edges. Alternate beveling of the lateral blade 

edges also occurs on the one Ellis point and one of the 5 Tortugas 

points (Fig. 4, J). 

Two specimens bearing resemblances to Morhiss points (for ex¬ 

ample, Fig. 3', Y) are fragmentary, making positive identification un¬ 

certain. Both appear to have been rather large points and to have had 

slightly convex bases. A third and rather poorly made point is tenta¬ 

tively recognized as Kent (Fig. 3, X), although the rounded base is 

also reminiscent of Gary points. These two forms are not common to 

central Texas and, if the identification is accurate, they probably were 

derived from areas to the south or southeast—perhaps from the 

Aransas Focus. 

Two of the untyped dart points are fairly large and broad, an esti¬ 

mated 6 to 7 cm. in length and 3.7 cm. in width across the shoulders, 

with strongly expanded stems and concave bases (Fig. 3, Q). A quite 

similar point is illustrated from the Collins Site (Suhm, 1955: Plate 4, 

V). Those from the Williams Site were found in squares E50-55, N40- 

45, level 6 to 12 inches and E95-100, N25-30, level 30 to 36 inches. 
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Fig. 4. Dart points from Williams Site. A, B, Dad. C, D, Ensor. E, Frio. F, G, Fairland. H, 

Clear Fork gouge. L, L\ biconvex gouge. M-O, side scrapers. P, side and end scraper. 

Travis. Y, Marsha!!. Length of N 7.8 cm. 
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The other unclassified point (Fig. 3, P) is very poorly made and its 

crudeness hampers identification with any established type. One edge 

is shoulderless, while the other edge has only a weak shoulder; the 

stem expands faintly and the base is slightly concave. This point was 

excavated from square El30-135, N65-70, level 6 to 12 inches. 

In the analysis of the horizontal proveniences of all excavated dart 

point types, it was soon apparent that several types tended to cluster 

in certain areas within the site. Particular attention was given to 

types Pedernales, Nolan, Bulverde, Travis, and Ensor, as they are 

represented in considerable numbers and are, therefore, less likely to 

be affected by a sampling error. The site was divided into 2 major areas 

(Fig. 5), the line being drawn principally on the basis of the intrasite 

occurrences of Dari, Ensor, Travis, and Nolan. 

Since differences in the observed frequencies of each type in the 2 

categories (Units I and II) were largely a matter of varying percent¬ 

ages, and thus, possibly related to the relative abundance of each type, 

\ 
\ □ □ 

Fig. 5. Extent of suggested occupations, reconstructed on the basis of the horizontal and 

vertical distributions of major projectile point types. 
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it seems desirable to test the data statistically. Chi-square, a test often 

used to determine the significance of contrasting distributions, was 

found to be quite applicable to these data (Siegel, 1956: 104-9). It is 

assumed that: (1) the dart point typology is accurate, (2) each type 

existed as a cultural entity, and (3) any 2 of the 6 dart point types 

analyzed differ with respect to the relative frequency with which 

group members fall into Units I and II. To test this hypothesis, the 

number of specimens of each type from each unit were counted and 

then compared with the proportion of specimens of another type. The 

results of the analysis and their chi-square significances are indicated 

in Table 2, Unfortunately, the vertical sample of dart point types was 

too small to be- statistically tested. 

To summarize the results, it is observed that Ensor, Dari, and Nolan 

occur exclusively or predominantly in Unit II (A and B) and that 

Travis and Bulverde occur more frequently in Unit I. Pedernales is 

common to both units. Such intrasite clusterings, which can be demon¬ 

strated as being statistically significant, may be interpreted as reflect¬ 

ing: (1) social divisions or another type of specialization within the 

group which would cause certain individuals, using distinctve projec¬ 

tile point styles, to prefer to occupy limited areas within the site, (2) 

idiosyncratic preferences of Individual societal members, each of whom 

inhabited different portions of the site, or (3) several different occu¬ 

pations, each characterized by a slightly different assemblage of pro¬ 

jectile point types. While possibilities (1) and (2) cannot be denied, 

the third explanation seems most likely. If the latter be the case, then 

it should be possible to define several occupations at the site—at least 

those marked by changes in projectile point styles—on the basis of the 

horizontal occurrences of dart point types. Moreover, if temporal dif¬ 

ferences are involved, some stratigraphy would be expected in over¬ 

lapping areas. 

In one area of overlap (El 10-120, N25-30) it was found that Nolan 

points did overlie both Travis and Bulverde points. However, in an¬ 

other boundary line square, E85-90, N30-35, one Nolan point was 

found in the same level as one Travis point, perhaps indicating that 

this square should be included with Unit II rather than Unit I. All 

other vertical distributions of dart point types, except for the strati- 

graphically late position of Dari and Ensor in Unit II, were inconclu¬ 

sive. The general absence of clear-cut vertical stratigraphy in burnt- 

rock middens has been noted elsewhere (Jelks, 1951). 

If dart point styles are envisioned as having roughly lens-shaped 

profiles on a time chart (see James A. Ford’s discussion and analysis 
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in Phillips, Ford and Griffin, 1951: 219-36), the varying frequencies 

of dart point types in the two sub-areas may be interpreted as rep¬ 

resenting temporal differences. For example, the 10 Travis points in 

Unit I suggest that while this portion of the site was being occupied 

Travis points were near to their peak of popularity and while Unit II, 

with 5 Travis points, was being inhabited this type was nearer to 

either the inception or the close of its use as a dart point style. 

On the basis of the above assumption, it is suggested that a sequence 

of occupations as indicated by the horizontal and vertical proveniences 

of the 6 major dart point types be arranged as follows: 

(1) The earliest habitation, in Unit I, is represented by the predomi¬ 

nance of Travis, Bulverde, and Pedernales. Nolan appears as a minor 
type and Dari and Ensor are virtually absent. 

(2) A second occupation, in Unit II, is characterized by an increased 
popularity of Nolan and a corresponding decline in the use of types 

Travis and Bulverde. Pedernales points linger on, retaining the popular 

usage evident earlier in Unit I. The widespread use and apparently long 

duration of Pedernales, with its deeply indented base and parallel stem 

edges, may be explainable in terms of the efficiency of this form in 
hafting. 

(3) A third occupation, also in Unit II, is marked by the appearance of 

Dari and Ensor and is readily definable on stratigraphic evidence. 

Other dart point types appear to have continued in use. 

(4) The last and most easily recognized occupation is found in Unit 

IIB and is distinguished by the presence of Scallorn, Fresno and Eddy 

arrow points. 

This interpretation applies rather well to the Williams Site, as it 

explains the absence of clear-cut stratigraphy in Unit I, and has the 

support, although somewhat tenuous, in at least one area of occupa¬ 

tion overlap. Furthermore, it makes sense in terms of the inconsistent 

variations in dart point type frequencies in other burnt-rock middens 

(Kelley, 1947a; Jelks, 1951); although, no doubt such frequencies are 

affected also by geographic variations (Kelley, 1949a). 

Knives. Of the 205 specimens identified as knives, 140 are unclassi- 

fiable medial and distal fragments. The remaining 65 were sorted into 

smaller categories on the basis of their outline form: 31 as ovate, 13 

as parallel-edged, 12 as lanceolate, 6 as stemmed, and 3 as asymmetri¬ 

cal. The knives are distinguished from the projectile points chiefly by 

their larger size, although the distinction is arbitrary. Very few of the 

knives are complete enough for satisfactory measurements. 

The largest number of knives (31) are oval-shaped with slightly to 

markedly convex lateral edges (Fig. 6, A). They range in length from 
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Fig. 6. A, ovate knife. B, parallel-edged knife. C, lanceolate knife. D, asymmetrical 

knife. E, small pick (?). F, G, stemmed knives. H I, scrapers rechipped from knives. K, K’, 

Clear Fork gouge. L, L’» biconvex gouge. M—O, side scrapers. P, side and end scraper. 

Length of D 8.6 cm. 
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5.2 to an estimated 9-10 cm., and in width from 2.7 to 5.1 cm. The 

majority of them can be characterized as being short and broad. The 

3 asymmetrical knives are somewhat similar to the ovate ones, except 

that one of the lateral edges is straight. The only complete asym¬ 

metrically-shaped specimen (Fig. 6. D) is 8.6 cm. long and has a 

maximum width of 2.8 cm. 

Twelve knives have a somewhat rectangular appearance, for their 

lateral edges are parallel to one another for a considerable distance 

toward the distal end. Bases are straight (6), gently convex (4), and 

concave (3). The general outline of these knives is long and slender 

(Fig. 6, B). 

Lanceolate knives can also be described as being long and slender, 

but are distinguished by the basal constriction (Fig. 6, C). None are 

complete enough for total measurements, but they are estimated to 

vary from 7 to 16 cm. in length and 3.5 to 5.2 cm. in width. Bases are 

straight (4), convex (4), and concave (4). The concave-based forms 

overlap to some extent with Kinney points (Sulim, Krieger and Jelks, 

1954: 434), but are probably a little large and heavy for dart points. 

Two of the 6 stemmed knives—or possible spear points, as has been 

suggested for the large stemmed forms found in east Texas—have 

stems chipped in the same style as Pedernales points (Fig. 6, G). Two 

knives have contracting stems which cannot be associated with any 

established dart point type, and a fifth specimen has an expanded 

stem reminiscent of Williams points. The stem of the remaining speci¬ 

men (Fig. 6, F) is missing. All are crudely chipped, but none of them 

is to be regarded as an incompleted projectile point. They range in 

length from 7.4 to 11 cm., in maximum width from 3.9 to 5.7 cm., 

and in maximum thickness from 1.1 to 1.5 cm. Except for one collected 

from the surface, all were found in Edwards Plateau Aspect context, 

and within occupation Unit I. 

Very little can be derived from the distributional pattern of the 

knives. The asymmetrical forms are too scantily represented to sug¬ 

gest any distinctive cultural affiliations, although the small number of 

stemmed knives (6) clearly belong to the Edwards Plateau Aspect 

occupation. This association is consistent with the similarities observed 

between the knife stems and the stems of certain dart point types. 

Ovate knives appear to have gained in popularity during the Austin 

Focus, while lanceolate and parallel-edged forms predominate in the 

Edwards Plateau Aspect. 

Heavy Biface Blades. Included in this category are 27 heavy, bi- 

facially chipped stone artifacts. They are differentiated from the knives 
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by their larger size, especially thickness, and cruder workmanship. 

Eight blades are represented by distal and medial fragments too in¬ 

complete for further classification. The remaining 19 vary according 

to outline shapes: circular (5), oval (6), parallel-edged (5), and con¬ 

stricted-base (3). The basally constricted forms may have been hafted 

as the base is somewhat thinned on the only complete example of this 

type (Fig. 7, G). 

Blades range in length from 6.5 to 14 cm., in width from 3.6 to 9 cm., 

and in thickness from 1.5 to 1.7 cm. A portion of the weathered flint 

crust is still visible on approximately one-third of the blades. The edges 

of most specimens show some indications of use, although none is really 

battered. All but the 7 blades found on the surface of the site can be 

associated with the Edwards Plateau Aspect with reasonable certainty. 

Drills. Seven chipped stone artifacts having long and narrow shafts 

are classified as drills. Bases of 3 specimens are expanded, giving the 

drill a T-shape (Fig. 3, HH), one is rechipped (?) from a Pedernales 

dart point (Fig. 3, GG), and 3 are known only from shaft fragments. 

The shafts are lenticular in cross-section and are 1 to 1.3 cm. in max¬ 

imum width. Complete specimens are 5.5 to 7.8 cm. in length. 

All drills can be assigned to the Edwards Plateau Aspect occupa¬ 

tions. It is significant to note that these differ in size and, to a lesser 

extent, in outline from those described for the Central Texas Aspect 

(Miller and Jelks, 1952: 178, Plate 24,4). 

Gravers. Classified as gravers are 18 small flakes having one or 

more short, beaklike projections (Fig. 3, Z). The projections, 2 to 6 

mm. long, were made by fine retouching along the edge of a thin flake. 

One graver has two lateral projections, 6 are scraper-graver combina¬ 

tions, and one is both a spokeshave (or concave scraper) and a graver. 

Gravers were found in both Edwards Plateau Aspect and Austin Focus 

levels and no typological distinction could be made in the two groups. 

Scrapers. Classified as scrapers are 139 stone artifacts having uni¬ 

facial chipping along one or more edges. These can be further sorted 

into smaller groups on the basis of technique of manufacture, locus 

of the scraping edge, and outline shape: 75 as side scrapers, 20 as side- 

and-end scrapers, 11 as scrapers with sinuous edges, 10 as spokeshaves 

or concave scrapers, 9 as rechipped from dart or knife blades, 8 as end 

scrapers, and 6 as disc-shaped. 

Many of the scrapers (Fig. 6, M, O) are characterized by fairly 

prominent marginal chipping along one edge (44 specimens) or both 

lateral edges (31 specimens). As a group they are quite varied in size 

and outline. There was no apparent preference for a particular kind of 
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flake, and included within this group are quite small flakes as well as 

several which approach the dimensions of flint cores. One specimen 

(Fig. 6, E) tapers to a distinct point and may have served as a com¬ 

bined scraper and drill. 

End and combined end-and-side scrapers (Fig. 6, N, P) differ from 

the above principally in the position of the scraping edge. They per¬ 

haps show a little more uniformity in size than the side scrapers, but 

this may well be a function of their relatively lower frequency rather 

than conscious selection by the artifact maker. There is, however, one 

rather curious, very small end scraper (Fig. 3, BB) associated with the 

Austin Focus. It is triangular in outline and measures 2.1 cm. long 

and 2 cm. wide across the bit. In size and shape it is quite similar to 

thumbnail scrapers which have been reported elsewhere in Texas, 

but which are very rare in the central part of the State. 

The spokeshaves (Fig. 3, CC, DD) are usually made from flat, thin 

flakes. The concave bit, probably made by knocking a small indenta¬ 

tion into the edge and then trimming the edge with light retouching, 

consistently measures about 1 cm. in maximum width and 3 to 6 mm. 

in depth. All but one spokeshave was a multiple purpose artifact, hav¬ 

ing a scraper (Fig. 3, CC), or rarely a graver, on an edge unaffected 

by the concavity. 

Both disc-shaped and sinuous-edged scrapers represent minor forms 

at the Williams Site. The disc-shaped scrapers are typically made from 

cores (Fig. 7, E, E') and are heavy and crudely chipped. By contrast, 

the sinuous-edged scrapers are made from small but fairly thick flakes 

and have several blunt protrusions along their edges (Fig. 6, J). 

The 9 scrapers made from broken knife and dart point blades (Fig. 

6, H, I) are quite unusual in central Texas, although re-utilization of 

knife-blade fragments for scrapers was a common practice in south¬ 

western Texas. Three are rechipped into side scrapers and 5 into end 

scrapers. They range from 2.8 to 7 cm. in length and 3.2 to 5.6 cm. in 

maximum width. 

Most scrapers are associated with both components present at the 

site. However, the few disc-shaped forms found in situ were in Ed¬ 

wards Plateau Aspect levels. The spokeshaves first appear, although 

very sparsely, in late Edwards Plateau Aspect and continue with in¬ 

creased popularity into the Austin Focus. 

Gouges. This group of chipped stone implements, numbering 17 

specimens, overlaps to some extent with the end scrapers, but is sepa¬ 

rated because of more or less distinctive outline forms and specialized 

bits. 
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Fig 7. A, chopper. B, hand-axe. C, parallel-edged blade. D, ovafe blade. E, E’, disc¬ 

shaped scraper. F, circular blade. G, lanceolate blade. H, mano. Length of B 10.5 cm. 
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Ten of the gouges fall within the definition of the plano-convex 

Clear Fork gouge (Ray, 1929, 1938). All are triangular in outline and 

the bits on the complete, or nearly complete specimens, are straight 

(2), concave (1), and slightly convex (1). On the whole they are 

poorly made and, while falling within the range, they are not typical 

of the Clear Fork gouge in the Abilene area (Fig. 6, K, K'). The Clear 

Fork gouges were found in association with Edwards Plateau Aspect 

material and in several levels containing predominantly Austin Focus 

artifacts. 

The second gouge type, represented by 8 artifacts, is biconvex, 

generally oblong with a slightly constricted proximal end. They are 

5.3 to 8.1 cm. long, 3.4 to 4 cm. wide across the bit, and 1.5 to 2.5 cm. 

in maximum thickness. The bits of most of these gouges are concave, 

although several have convex bits (Fig. 6, L, L'). Only 3 of the bicon¬ 

vex gouges were found in excavation, all in Edwards Plateau Aspect 

context. The sample of both gouge types is so small that their distribu¬ 

tions, at best, are only suggestive. 

Choppers and Fist-axes. Compared to most other central Texas sites, 

especially those of the Edwards Plateau Aspect, there are surprisingly 

few choppers and fist-axes from the Williams Site. Five are classified 

as choppers because the width of the blade exceeds the length of the 

specimen (Fig. 7, A), and two are called fist-axes because the length 

dimension exceeds the width of the blade (Fig. 7, B). All seven are 

percussion chipped from flint nodules in such a manner as to leave a 

portion of the cortex at the end opposite the blade. This unaltered 

proximal end enables the tool to be conveniently grasped by the hand. 

The 2 fist-axes were found on the surface and it can only be sug¬ 

gested that they are affiliated with the Edwards Plateau Aspect. Four 

choppers occurred in Edwards Plateau Aspect zones, and one on the 

surface of Midden I. 

Retouched Flakes. Flakes having fine marginal retouching along 

one or more edges are abundantly represented in the artifact inventory 

from the Williams Site. One hundred and ninety-six are unifacially 

chipped and are classified as flake scrapers (Fig. 3, AA). A much 

smaller number, 29, are bifacially chipped and are, by definition, 

knives. This distinction seems to be a result of a minor difference in 

technique of manufacture rather than a difference in use. Both types 

are usually made from thin, sometimes irregularly-shaped chips. The 

size of the flakes is quite varied, ranging from very small to rather 

large. These flakes differ from knives in that chipping occurs only 
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along the edges, and from scrapers in that the bit edges are more deli¬ 

cately chipped and are not steep. 

Retouched flakes are the simplest and most expendable tools found 

at the Williams Site, and yet probably were used in innumerable 

simple cutting and scraping tasks. They were found in almost all 

levels and their relative frequencies are indicative of the general arti¬ 

fact abundance of any particular locality within the site. 

ARTIFACTS OF POLISHED STONE 

The only polished stone artifact from the Williams Site is a small 

rectangular slate pendant having a single perforation at one end, 

drilled biconically (Fig. 3, W). Both faces have been poorly smoothed, 

leaving some of the irregularities and mars of the unmodified stone. 

One lateral edge is beveled, the other edges are well rounded. 

On the face of the bevel are 4 vertical and 3 diagonal cuts. Numer¬ 

ous lines, running in random directions, cover both sides of the pend¬ 

ant. These striations are so faint and haphazardly executed as to 

suggest that they are marks by an abrasive agent (sand?) used in 

smoothing. However, one surface has a dim, but nonetheless clearly 

intentional, design consisting of two parallel lines which border a 

diagonally cross-hatched area (Fig. 3, W). The decoration is quite 

small, being 1.2 cm. long and 2 mm. wide. The pendant itself meas¬ 

ures 5 cm. in length, 3.4 cm. in maximum width, and 6 mm. in 

thickness. 

The pendant was obtained from a level which contained both dart 

and arrow points and its cultural affiliation is uncertain. Published 

data on the occurrence of stone pendants in central Texas fortunately 

provide a few clues. Jackson (1941: 16-24) notes that stone pendants 

have been found in a number of burnt-rock middens in central Texas, 

but his data do not indicate the type of pendant nor the specific con¬ 

text in which they were found. However, it may be suspected that the 

relatively frequent occurrence of stone pendants in burnt-rock mid¬ 

dens is indicative of an affiliation with the Edwards Plateau Aspect. 

Furthermore, the predominant form of pendant in the later Central 

Texas Aspect is made of shell. 

ARTIFACTS OF GROUND STONE 

Grinding Implements. The 9 milling slab fragments and 26 manos 

classified as ground stone artifacts have one or more surfaces worn 

smooth through use. Manos are made from stream-worn granite (9), 

quartz (9), sandstone (7), and limestone (1) cobbles. Almost all of 

them evidence usage on two opposing surfaces. Three manos are worn 
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along the edges, probably the result of attempts to modify the natural 

shape of the cobble (Fig. 7, H). Grinding facets are usually pecked to 

increase the coarseness of the surface and, thus, the grinding efficiency 

of the mano. All manos are one-hand, 3 have battered edges which 

suggest secondary use as hammerstones, and one is wedge-shaped in 

cross-section. 

Milling slabs are represented by 9 quite fragmentary pieces. All 

appear to have been rather thin, fine-grained sandstone slabs. None 

have well defined sills and it is assumed from the contour of the basins 

that the grinding motion was largely rotary. Most of the manos have 

convex grinding facets which also point to a predominantly rotary 

motion. Grinding implements are present in both Edwards Plateau 

Aspect and Austin Focus zones. 

MISCELLANEOUS ARTIFACTS OF STONE 

Aside from the 3 manos showing secondary use as hammerstones, 

there is one flint core with extremely battered edges. It is plano-convex 

in cross-section and probably was first used as a scraper. The core is 

roughly disc-shaped, 6.1 cm. in maximum diameter and 2.3 cm. in 

maximum thickness. These four objects constitute the only hammer¬ 

stones found at the site. 

Scattered abundantly throughout the refuse deposit were innumer¬ 

able flint chips and cores, residue from the manufacture of chipped 

stone implements. They were in greatest abundance in areas of most 

intense occupation and correspondingly less frequent in peripheral re¬ 

gions. Occasionally small and quite soft pieces of burned limestone 

were found. These powder easily and could have been used as a source 

of pigment. None, however, showed any clear indications of having 

been employed as such. 

ARTIFACTS OF BONE AND ANTLER 

Implements fashioned from bone are very scantily represented at 

the Williams Site. They consist of three awls and one charred tip of a 

deer antler. The scarcity of bone artifacts, as well as unmodified faunal 

refuse, probably point to very poor conditions of preservation. Al¬ 

though fragmentary, all 3 awls are of the splinter type and probably 

made from deer leg bones (Fig. 3, EE, FF). The smooth and glossy 

distal ends witness their use as artifacts. The awls occurred fairly deep 

in Edwards Plateau Aspect zones. The antler tip is quite smooth and 

rounded, and very likely represents the distal end of a flaking tool. It 

appears to belong to the Austin Focus occupation. 
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SUBSISTENCE AND ECOLOGY 

Food remains were very scantily represented at the Williams Site, 

and a reconstruction of subsistence patterns must be based largely on 

inferences. No plant remains were recovered, but then this is not 

surprising in an open site. Animal bones, however, were unexpectedly 

infrequent, suggesting that conditions of preservation were very poor, 

or that subsistence depended largely upon plant products. Published 

data on faunal remains in central Texas sites, although quite limited, 

indicate that hunting was an important, if not a major, source of liveli¬ 

hood. Certainly the abundance of projectile points (assuming that the 

function of the stemmed blades has been correctly interpreted) from 

the Williams Site relative to the total number of artifacts recovered, 

and particularly to the number of grinding implements, suggests an 

emphasis on hunting. 

To judge from the few bones obtained, deer was the favorite game, 

with various small mammals and turkey being of less importance. 

Most of the deer remains are limb bones, which may indicate that the 

animals were dismembered at the scene of the kill. However, these 

bones are fairly thick and durable, and should survive better than 

other parts of the skeleton. 

With regard to agriculture, all evidence clearly indicates that it was 

not practiced. The nature of the occupations, size of the site, and arti¬ 

fact classes point to a simple hunting and gathering economy. The high 

frequency of scraping tools may indicate extensive use of animal hides 

and simple wood-working activities; otherwise, there is little sugges¬ 

tion of specialized economic activities. 

Since upper Bull Creek is dry in periods of low rainfall, the avail¬ 

ability of water was quite likely one of the major factors determining 

the frequency and duration of the occupations. The small size of the 

site, and the general paucity of sites in the valley, are also probably 

a reflection of the rather poor water supply. 

To aid in further reconstructing the ecology of the Williams Site 

and to add to poorly known prehistoric occurrences of land and fresh¬ 

water shell species, Mr. C. D. Orchard of San Antonio, Texas has 

identified, and made distributional comments on, the Mollusca ob¬ 

tained from the site. 

Land snails 

Family POLYGYRIDAE 

Praticollela herlandieriana Moricand 1833. Today occurs in the 

Lower Sonoran zone in Texas, Tamaulipas and Nuevo Leon, extend- 
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ing into Oklahoma, Arkansas, and Louisiana. It appears to be a more 

recent invader into the latter 3 states. Burrows deeply in dry weather. 

These snails are too small to have been utilized as food. Not common at 

the Williams Site and found mainly in the upper levels, suggesting 

that they may not be of archeological significance. 

Family BULIMULIDAE 

Bulimulus dealbatus mooreanus Pfeiffer 1868. Bulimulus dealbatus 

and its subspecies range from the Tropic of Cancer, north at least as 

far as Washington County, Oklahoma and from western Louisiana 

and Arkansas into New Mexico. Frequently found in archeological 

sites in Texas and may very well have been used as food. The most 

common type of shell from the Williams Site, occurring in all levels, 

and several samples of these shells were collected for radiocarbon 

dating. 

Family OLEACINIDAE 

Euglandina singleyana W. G. Binney 1892. A quite large land snail 

which ranges today from the Llano Biver, south to Nuevo Leon, Mexi¬ 

co. Has a preference for cedar brakes and oak mottes, and is most 

common along the Balcones fault line in central Texas. Could have 

been utilized as food, as some specimens were found charred and 

broken. Occurred in all levels at the Williams Site. 

Fresh-water mussels (Not common, but must have been used as food 

as they could not have washed into the site. 

Found in various levels; often quite fragment- 

ary). 

Family UNIONIDAE 

Propter a berlandieri Lea 1857. 

Strophitus undulatus Say 1816. 

Anodonta grandis Say 1829. 

Elliptis tamauliponensis Conrad 1955. 

The shell species found at the site indicate a climate very much like 

that which the area experiences at the present time. In general, the 

shells reflect a semi-arid region and, to judge from the modern dis¬ 

tribution of Euglandina singleyana, a cedar brake cover—as is char¬ 

acteristic of the area today. 
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SUMMARY AND CONCLUSIONS 

Archeological remains excavated from a small burnt-rock midden 

near Austin, Texas are described and referred to the Edwards Plateau 

Aspect and to the Austin Focus of the Central Texas Aspect. These two 

components are identified principally by distinctive projectile point 

styles. It is suggested, on the basis of the horizontal and vertical intra¬ 

site provenience of projectile point types, that four separate occupa¬ 

tions can be recognized. 

The first three occupations are associated with the Edwards Plateau 

Aspect and the fourth with the Austin Focus. Stratigraphically only 

the last two occupations are well defined. However, in a distributional 

analysis of the six major dart point types, it was observed that cer¬ 

tain types tended to cluster in limited areas within the site (see Fig. 

5; Table 2). The first two occupations are differentiated solely on the 

basis of these horizontal concentrations. The areal extent of each of 

the four proposed occupations is small and suggests—if they have been 

correctly interpreted—that the group occupying the site in each case 

was composed of relatively few members. 

Horizontal clusterings of selected dart point types in burnt-rock 

middens has been noted elsewhere by Jelks (1951), but his data did 

not clearly indicate that temporal differences were involved. In view 

of these findings, it seems advisable to review more critically the four 

occupations proposed above for the Williams Site. In a careful exami¬ 

nation of Tables 2 and 3 herein, it is quite evident that the two latest 

occupations at the Williams Site are founded upon irrefutable strati¬ 

graphic and horizontal occurrences of certain dart and arrow point 

types. This then leaves only the first two occupations open to serious 

question. The problem appears to center about the dart point types 

Pedernales, Bulverde, Nolan, and Travis. Admittedly, the vertical 

proveniences of these four types shed very little light on the problem; 

but their horizontal occurrences, while not clear-cut, certainly indicate 

something was operating to affect their intrasite distributions. As men¬ 

tioned earlier, this could be interpreted as: (1) a social division or 

economic specialization within the society which caused the respective 

members, who made or used a distinctive dart point style, to occupy 

different portions of the site, or (2) the preferences of certain individ¬ 

ual members, each of whom inhabited different parts of the site, or (3) 

temporal differences in occupation of the site, with each occupation 

being characterized by a slightly different assemblage of projectile 

point styles. Although no empirical evidence can be presented to refute 

the first two hypotheses, the latter one is preferred by the author par- 
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ticularly since it is known to affect the projectile point occurrences in 

the last two occupations. 

A detailed comparison with Jelks’ data is difficult, as he was con¬ 

cerned with a somewhat different assemblage of points: types Peder- 

nales, Montell, Nolan, and Bulverde. The sites he examined, all located 

within the Marshall Ford Basin, near Austin, Texas, were inconsistent 

in the clusterings of different types and did not contain any strati¬ 

graphy in expected areas of overlap. The full implications of Jelks’ 

analysis are difficult to evaluate at the present time, although it may 

be pointed out that: (1) areal clusterings of projectile point types and 

associations of one type with another should be expected to vary from 

site to site, if projectile points are envisioned as reflecting vogues 

changing through time and space; (2) repeated occupations of a site 

are likely to create disturbances which may be difficult to detect and 

which may complicate the vertical and horizontal distributions of arti¬ 

facts; and (3) all middens may not be susceptible to analysis in terms 

of horizontal accretions to the deposit. 

Attempts to relate the three Edwards Plateau occupations at the 

Williams Site with three foci—Round Rock. Clear Fork, and Uvalde 

—which have been defined largely on the basis of certain dart point 

types (Kelley, 1947a, 1947b) are unsuccessful. The Uvalde Focus is 

virtually absent, while Round Rock and Clear Fork materials are both 

present, but are so intermixed that they cannot be clearly differ¬ 

entiated. 

Since “pure” components are unreported, the status of each of these 

foci is uncertain. None the less, it does seem evident that any break¬ 

down of the rather inclusive Edwards Plateau Aspect will have to be 

defined on the basis of temporal and spatial variations in projectile 

point styles. It is indeed tempting to make focal distinctions on the 

basis of such limited comparative data as is available at present. How¬ 

ever, such generalizations have failed to apply over a very broad area. 

So few Edwards Plateau Aspect sites have been reported in detail that 

it is not all surprising to find the picture inconsistent and confusing. 

To help resolve these problems it is suggested that emphasis be placed 

on: (1) refining typologies, especially of projectile points, (2) report¬ 

ing in detail intrasite distributions, and (3) using statistical methods 

as an aid in determining the adequacy of the artifact sampling and 

significance of associations. 

Focal divisions of the later Central Texas Aspect, Austin and Toyah, 

appear far more distinct. The earliest of the two foci, Austin, is identi¬ 

fied chiefly by the presence of Scallorn arrow points and is, at least in 
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part, pre-ceramic. The Toy ah Focus, marked by the appearance of 

Perdiz arrow points and possibly pottery, is absent at the Williams 

Site. Neither focus can be satisfactorily linked with historic Indian 

groups in central Texas, as sites containing European objects in indis¬ 

putable association are unreported. The Toyah Focus in Central Texas, 

however, may represent in part the proto-historic remains of the Ton¬ 

ka wa Indians. The relationship between the Central Texas and the 

Edwards Plateau Aspects has not been well explored, although there 

are some indications that dart point types Dari and Ensor may bridge 

the two aspects. On the other hand, Kelley (1959: 281) considers the 

Austin and Toyah foci as representing new ethnic groups in Central 

Texas and, hence, sees a definite break between the Edwards Plateau 

and Central Texas aspects. 

Burnt-rock middens, which occur in great numbers in central and 

west Texas, are unique and have aroused considerable interest with 

respect to their origin and accumulation. The basic units in burnt- 

rock midden accumulations, as pointed out by Kelley and Campbell 

(1942: 320), are stone hearths. With the possible exception of the 

small pits mentioned earlier, no undisturbed hearths were uncovered 

at the Williams Site. Ftowever, the ashy soil and evidences of burning 

on the limestone rock fragments clearly indicate abundant use of fire. 

It is inferred from hearths described on the nearby Colorado River 

(ibid.) that those at the Williams Site were either stone-lined depres¬ 

sions and/or merely stones placed around an open fire. Presumably 

the fires served for roasting and baking meat, as well as for warmth in 

the winter. The occurrence of burnt-rock middens may be summed up 

as dependent upon: (1) the abundance of native stone, especially lime¬ 

stone, (2) the extensive use of stone-lined and/or stone-encircled 

hearths, (3) repeated use of favored camping localities, and (4) slow 

deposition of alluvium. 

As excavations at the Williams Site progressed toward the periph¬ 

eries of Midden I, fewer artifacts were recovered, except in the 

northwestern portion of the site which yielded largely Austin Focus 

material. From these data it is concluded that the midden marks the 

major habitation area and presumably is not just a segment of the site 

set apart for debris, and that burnt-rock accumulations are associated 

principally with the Edwards Plateau Aspect rather than the Central 

Texas Aspect. 

Although the cultural affiliations of the Williams Site are fairly 

clear, its temporal placement is far more difficult to ascertain. No 

radiocarbon samples have yet been analyzed, and other types of evi- 
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dence which might be used in dating are extremely meager. As indi¬ 

cated earlier, the site appears to be buried in the third terrace above 

Bull Creek, but the construction of a road on the second (?) terrace has 

made the situation confusing, particularly since the terraces are not 

clearly paired. Thus, a correlation with the better developed and bet¬ 

ter known terraces of the Colorado River (Kelley, 1947b), about 10 

miles downstream from the site, seems ill-advised at this time. Further¬ 

more, any attempt to seriate central Texas sites is immediately ham¬ 

pered by the complete absence of detailed comparative data. The dat¬ 

ing of the Williams Site, therefore, can be only in terms of a very 

broad chronology. Needless to say, the age and duration of the pro¬ 

posed occupations at the site are even more difficult to determine. They 

are not separated by any breaks in the midden deposit, but, none the 

less, a considerable span of time could have elapsed between each oc¬ 

cupation. 

Kelley (1947b), primarily as a result of his analysis of archeologi¬ 

cal remains buried in the Colorado River terraces, suggested a begin¬ 

ning date of circa 4,000 or 2,000 B.C. for the Edwards Plateau Aspect 

and circa 1500 A.D. for the Central Texas Aspect. More recent esti¬ 

mates (Miller and Jelks, 1952; Suhm, Krieger, and Jelks, 1954), how¬ 

ever, have suggested that these dates be changed to at least 5,000 B.C. 

and 1,000 A.D., respectively. Following this latter chronology, the last 

occupation of the Williams Site by the Austin Focus of the' Central 

Texas Aspect may have begun about 1,000 or 1T00 A.D., while the 

Edwards Plateau Aspect occupations could fall anywhere between 

5,000 B.C. to 1,000 A.D. 
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Science in Texas 

Thirty outstanding high school boys will get an all expense paid 

trip to the East Coast this summer for a unique project in pre-college 

meteorological education. Dr. Vance E. Moyer, professor of meteor¬ 

ology at Texas A. and M. College, has announced. Purpose of the 

project, which is sponsored by the American Meteorological Society, 

is to stimulate interest in meteorology as a science and as a career 

among the most capable secondary school youths. Dr. Moyer is presi¬ 

dent of the College Station Branch of the American Meteorological 

Society. Thirty boys who have completed their junior year in high 

school will be selected to participate in the program. They will receive 

free tuition, room, board, and transportation. Eligibility will be limited 

to students who are now taking a college preparatory course, and who 

will have completed (by June, 1959) three units of high school mathe¬ 

matics and a year of either chemistry or physics. 

★ ★ ★ ★ 

Dr. Frederick L. Crane, young biochemist who discovered Coenzyme 

Q, joined the staff of The University of Texas Clayton Foundation Bio¬ 

chemical Institute in February. Dr. Crane became a Biochemical Insti¬ 

tute research scientist and chemistry assistant professor. He has worked 

at the University of Wisconsin Institute of Enzyme Besearch since 

1953. Dr. Crane, 33, isolated Coenzyme Q. a substance vital to metabol¬ 

ism of fats and energy production in the human body. Coenzyme Q 

must be present in the body in order that the enzymes—biological 

catalysts—can properly carry out biochemical processes. He found 

that lack of Coenzyme Q would “short-circuit” certain chemical 

processes and cause vital enzyme functions in the body to stop. He 

received a Bachelor of Science in chemistry from the University of 

Michigan in 1950 and three years later earned a Doctor of Philosophy 

degree from the same institution. He served with the U.S. Army from 

1944 to 1946 and is a native of Bernardston, Massachusetts. 

★ ★ ★ ★ 

The Texas A. and M. College Library has been awarded a grant of 

$1,000 by the Minnie Stevens Piper Foundation. The grant will be 

used for the purchase of needed books, magazines and scholarly and 

scientific publications not now available out of the existing fund. “This 

grant will aid immeasurably in the strengthening of our resources for 
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the support of the work of this insitution,” Robert A. House, library 

director says. “We are grateful for this grant.” 

★ ★ ★ .■& 

Dr. Carl H. Oppenheimer, bacteriologist at the University of Texas 

Institute of Marine Science at Port Aransas, has received a $26,400 

contract from the Navy’s Office of Naval Research, to support a three- 

year investigation of the microbiological causes of corrosion of iron. 

★ ★ ★ ★ 

Dr. Leroy J. Olson, University of Texas Medical Branch microbiolo¬ 

gist, has been awarded a $20,700 National Science Foundation grant to 

support his research for three years. He will investigate the “Origin 

and Evolution of Host Parasite Relationship.” He received his Doctor 

of Philosophy degree from the University of Texas in 1957 and has 

taught at both Concordia College and Kansas State College. 

★ ★ i* ir 

Top U.S. pharmaceutical educators and research workers reported 

on what’s new in pharmacy in The University of Texas College of 

Pharmacy second annual spring lecture series. The lectures are desig¬ 

nated to bring students in contact with current ideas and research prob- 

blems in the development of new drugs and medicine, Dr. Henry M. 

Burlage, pharmacy dean, said. Visiting lecturers included Robert C. 

Bogash, American Society of Hospital Pharmacists president and 

Lenox Hill Hospital pharmacy department director, New York City, 

Feb. 17-18; Dr. Thomas J. Haley, pharmacology and toxicology divi¬ 

sion chief, University of California Atomic Energy Project, Feb. 24-25; 

Dr. John E. Christian, Purdue University radiological control depart¬ 

ment head, March 10-11; Dr. Stephen Wilson, Wayne State Univer¬ 

sity pharmacy dean, Detroit, March 24-25; Dr. Sidney Riegelman, 

pharmaceutical chemist, University of California Medical Branch, San 

Francisco, April 14-15; Heber W. Youngken, Jr., University of Rhode 

Island pharmacy dean, April 28-29; and Dr. Rudolph W. Blythe, 

pharmaceutical research director, Smith, Kline and French Labora¬ 

tories, Philadelphia, May 12-13. 

★ ★ ★ ★ 

Dr. Royston M. Roberts, University of Texas chemistry associate 

professor, has received an “international award in the petroleum field” 

from the American Chemical Society’s Petroleum Research Fund ad¬ 

visory board. The fellowship award will enable Dr. Roberts to spend 

a year of research with Dr. Hans Schmid, outstanding Swiss organic 

chemist at the University of Zurich. The award provides a year’s sal- 
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ary, travel expenses for Dr. Roberts and his family, plus $500 for 

special research expenses. Dr. Roberts will be in Switzerland from 

September, 1959 to September, 1960. In addition to his research at the 

University of Zurich, he also plans to confer with chemists at the 

neighboring Federal Institute of Technology in Zurich, and visit labo¬ 

ratories in England and the Netherlands to consult with chemists doing 

research in his field. 
★ ★ ★ ★ 

The appointment of D. L. Dailey as Marketing Research Manager 

for the Texas Instruments Incorporated Semiconductor Components 

division was announced recently by Mark Shepherd, Jr., Vice Presi¬ 

dent in charge of the division. In his new position, Mr. Dailey will 

report to James F. Carland, division marketing manager, and is respon¬ 

sible for marketing surveys, sales analyses and forecasts for all Semi¬ 

conductor-Components division products, including silicon and ger¬ 

manium transistors, silicon diodes and rectifiers, tan-TI-cap capacitors, 

precision film resistors, silicon material, and indium antimonide de¬ 

tecting cells. He also will engage in analysis of marketing methods 

and procedures. Before joining TI, Mr. Dailey since 1953 had been 

Manager of Marketing Research for the Department of Economics for 

Battelle Memorial Institute, Columbus, Ohio. Prior experience in¬ 

cludes marketing staff and marketing research positions with the 

Koppers Company, Pittsburgh, Pennsylvania, and Owens-Corning 

Fiberglas Corporation, Toledo, Ohio. Mr. Dailey took his Bachelor of 

Science degree in Business Administration from Ohio State University 

in 1942. 



Affairs of the Texas Academy of Science 

The Summer Institute Program of the National Science Foundation 

has awarded grants for three hundred and fifty institutes for high 

school and college teachers of science and mathematics during the 

summer of 1959. The institutes are designed to strengthen the subject 

matter competences of science and mathematics teachers. According 

to information received from the National Science Foundation, grants 

have been awarded to sixteen Texas colleges and universities for 

institutes this summer. 

This spring, for the first time, science examinations were included 

in the list of competitive examinations sponsored by the Texas Inter¬ 

scholastic League. The examinations were given on a limited basis to 

fifty or sixty high school students in five districts. If this year’s pro¬ 

gram is successful, it looks as if examinations in science might become 

a regular part of the Interscholastic League Competitions. For further 

information concerning this program, address inquiries to the Direc¬ 

tor, Interscholastic League, University of Texas, Austin, Texas. 

According to Dr. Wayne Taylor, Coordinator for Science Fairs in 

the State of Texas, fifteen district science fairs were held this year. 

Winners in district competitions participated in National Science Fair 

competitions in Hartford, Connecticut, May 6-9. Two of the four first 

place winners in this year’s National Science Fair were Texas high 

school students. First place in the Boys Biological Sciences went to 

Robert Dickey, an Arlington Heights (Fort Worth) high school 

youth and first place in the Boys Physical Sciences went to Joie Jones, 

an Abilene high school youth. An unofficial tabulation of this year’s 

National Science Fair entries indicates Texas youths made up eight 

percent of the total number of entries. It was also interesting to note 

that of 27 Texas youths entering the National Fair, fifty percent (14) 

won awards. 

Dr. Warren Craik, Hardin-Simmons University Administrator of 

the AAAS-Texas Academy Research Fund, has indicated several 

science fair participants were awarded grants for their projects this 

year. First place winner in the Physical Sciences, Joie Jones, received 

a grant for his study in “Experimentation, Design, and Application of 

Solid Propellant Rockets to Radiation Studies of the Upper Atmos- 
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phere.” A fourth place winner in the Physical Sciences, Morris Wel¬ 

ler, an Abilene high school student, received a grant for a “Compara¬ 

tive Study of Isotope Utilization in Tomato Plants.” It is hoped that 

Academy members will continue to show as much interest in science 

fair activities as they have in the past and that Texas youth will 

continue to achieve in the way they have achieved this year. 

Dr. Charles LaMotte has announced that 20 undergraduates will 

receive the Academy’s Certificate of Merit for outstanding work as 

officers of the Collegiate Academy of Science and/or the preparation 

of top ranking papers given during the Houston meetings last De¬ 

cember. Dr. LaMotte also announced that six undergraduates have 

been elected Honarary Members of the senior Academy for 1959 for 

outstanding leadership in local chapter activities. 

The Board of Science Education of the Texas Academy of Science 

received three grants for $40,070 from the National Science Founda¬ 

tion for educational projects in the name of the Texas Academy of 

Science. A project to improve the status of science and mathematics 

education in the statte of Texas begins July 1, 1959. This program 

calls for thirty key counsellors (Academy members located in col¬ 

leges, universities, and industries over the state) to serve as speakers, 

demonstrators, panel discussants, speakers or judges for science fairs, 

instructors in short term teaching institutes, and counsellors for spe¬ 

cial programs as well as counsellors in vocational guidance programs 

in the area of science and mathematics. The director for the program 

is Dr. Addison Lee, Department of Botany, The University of Texas, 

Austin 12, Texas. 

The second program, “Research Conferences for Promising Science 

Students in the Junior and Small Senior Colleges of Texas” will begin 

September 1, This program will provide opportunities for promising 

science students in junior nad small senior colleges throughout the 

state to participate in organized group visits to the research labora¬ 

tories of the larger universities of the state for intensive two-day con¬ 

ferences on the nature, significances, requirements, and latter pro¬ 

gram will be directed by Dr. Charles LaMotte, Department of Biology, 

A. & M. College, College Station, Texas. 

The third program, “A Visiting Lectureship in Mathmatics,” will 

provide lecturers for special programs in mathmatics to high schools 

requesting such services. The program is scheduled to begin October 

1, 1959. Requests and inquiries should be sent to the Director of the 

program, Dr. W. T. Guy, Chairman, Department of Mathematics, 

University of Texas, Austin 12, Texas. 

At the December 11, 1958, meeting of the Board of Science Educa- 
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tion, it was recommended that all requests for grants to the National 

Science Foundation being made in the name of the Texas Academy of 

Science, be submitted to the Board of Science Education for approval. 

In turn, those requests approved by the Board of Science Education 

will be submitted to the AAAS Screening Board and if approved by 

the AAAS Screening Board, will be brought to the Board of Directors 

and/or the general business meeting of the Texas Academy of Science 

for final approval before submitting them to the National Science 

Foundation in Washington, D. C. 
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The IGY World Data Centers for Oceanography1 

by J. R. LUMBY 

A. & M. College of Texas 

The International Geophysical Year, without doubt the greatest ac¬ 

complishment in international scientific cooperation ever witnessed, 

ended on December 31st, 1958. It was preceded by the International 

Polar Years in 1882/3 and 1932/3, but nothing has been attempted 

before on so ambitious a scale; the IGY program covers the earth as a 

whole, not merely the polar regions, and 67 nations and over 10.000 

scientists are taking part in it. A novel feature in the planning of the 

IGY organization is the careful arrangements that have been made to 

ensure that all the data obtained are assembled and eventually dis¬ 

tributed as required. It was determined that this vast material should 

serve as ;4a common fund of knowledge open to all” (Chapman, 1957), 

and to achieve this, World Data Centers were set up. For the sake of 

convenience, and to lessen the risk of loss through accident, the centers 

are duplicated, in some cases triplicated. Center A is located in the 

United States, Center B in the USSR. The centers for the various dis¬ 

ciplines—that is, fields of study—are separately organized, though in 

Center B all but one of the archives are in the care of two institutions in 

Moscow. In Center A, however, all the archives are at different insti¬ 

tutions scattered througout the United States (see Figure 1). The only 

archive in Texas is that for oceanography, established at the A. & M. 

College in College Station. Oceanography is not represented in Center 

C, but has a Permanent Service, located in Birkenhead, England, which 

deals with sea-level observations. 

A notable difference between the two chief centers is that in Center 

A, each archive has been made part of an institution actively working 

in the same field as the archive. This ensures that a lively and well- 

informed interest is maintained in the Data Center. 

The oceanography program for IGY is divided into two main parts 

—first, the measurement of sea-level at coastal stations, with special 

emphasis on oceanic island stations; and second, observations of vari- 

1 Paper presented at the meeting of the Texas Academy of Science, Houston, 11-13 

Dec. 1958. Contribution from the Department of Oceanography of the Agricultural 

and Mechanical College of Texas, Oceanography and Meteorology Series No. 139. 
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Fig. 1. The organization of the archives in the IGY World Data Centers A and B (Data 

Center C and the Permanent Services are not shown). 
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ous kinds made at sea by research ships. The purpose of these observa¬ 

tions is to provide information which can help in evaluating the earth’s 

budgets of energy and water. A knowledge of these matters is essential 

to a proper understanding of climatic changes, which is a prerequisite 

to success in long-range forecasting and weather control. 

The oceans serve as the earth’s main reservoir of water. They cover 

rather more than 70% of the earth’s surface and have an average 

depth of some 14,000 feet, and the enormous basin formed by the 

oceans holds about 97% of the earth‘s stock of water. Water is con¬ 

tinually being exchanged between the sea, the air, and the land, 

through the mechanism of evaporation and precipitation, and run-off 

from the land. It is possible to assess the quantities involved in these 

processes fairly accurately so far as the land is concerned, but we have 

only limited quantitative information on the exchange occurring di¬ 

rectly between sea and air (see, for example, Mosby, 1958). The sea- 

level program is designed to throw further light on this process through 

a study of the variations in the quantity of water contained in the 

oceans. Some 30 nations are taking part in this program. Between 

them, they operate. about 350 tide-gauge stations, at which hourly 

heights are recorded. These measurements are averaged by calendar 

month, to eliminate the effect of the diurnal and semidiurnal tides. 

Last May the effect was discovered of a 14-month oceanic tide, which 

is due to the precession of the earth’s axis of rotation. This may be 

expected to produce changes in sea-level of about one-third to half an 

inch. 

Seasonal fluctuations in water level are known to occur, which vary 

from an inch or so at oceanic islands to several feet in monsoon regions. 

In general, sea-level is low in spring and high in fall. To determine the 

extent to which these fluctuations are due to changes in distribution 

of mass, the volumetric changes must be known. For this purpose, ob¬ 

servations of the salinity and temperature of the water column in the 

vicinity of the tide-gauge station are made at several of the stations. 

From investigations made so far, it appears that in most parts of the 

world the seasonal variations in water level can be largely accounted 

for by the seasonal changes in volume (Pattullo et ol., 1955), but in 

some places, particularly in high northern latitudes, anomalies are 

present which point to a possible change in mass; that is to say, a sea¬ 

sonal transfer of water across the equator may occur. 

In addition, long-term changes take place. These of course cannot 

be studied by IGY data alone, but for several stations records are avail¬ 

able over many years. It may be recalled that sea-level is measured 

relatively to a bench mark, or some similar point, on the land. A steady 

SMITHSONIAN KIns, 
INSTITUTION NOV 9 1958 
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increase in the recorded heights does not necessarily mean a rise in sea- 

level; it may be due to the land sinking. In some places the level of 

water relative to the land is falling—in northern Sweden, for instance, 

where the fall is about 4 inches in 10 years. On the Atlantic and Gulf 

coasts of the United States, the level is rising at about 2 inches in 10 

years. A rise is experienced in many places, however, in general at a 

rate of a little more than half an inch in 10 years. If this apparent in¬ 

crease in sea-level proves to be real, it may be attributable to the steady 

melting of glaciers and the polar ice caps. It is known that over the past 

40 years or so the climate has become warmer, in high latitudes especi¬ 

ally. In the arctic, where the rise in temperature has been greatest, 

the northward retreat of the sea ice has been of great importance to 

navigation and fisheries. 

A considerable quantity of the world’s water is locked up as ice, 

and in the study of the earth’s water budget, the glaciological work 

being carried out during IGY is an essential complement of the oceano¬ 

graphical program. It has been estimated that the total quantity of 

ice present on the earth amounts to slightly less than 3% million cubic 

miles. Spread out over the oceans, this is equivalent to some 2 or 3 

hundred feet of water. But the glaciological results so far obtained—in 

particular, the surprising thickness of the ice found on parts of Ant¬ 

arctica—suggest that this estimate of the ice-cover may be as much as 

40% too low. The implications of further melting of the ice, therefore, 

are not without practical importance to mankind, in so far as the sea 

may encroach on the land (Orville, 1958, and see Fig. 2). 

Another section of the sea-level program is concerned with long- 

period waves, surface oscillations intermediate between tides and wind 

waves, with periods between a few minutes and an hour or two. The 

amplitudes of these waves should not exceed a millimeter or so in the 

open ocean, but would be considerably more on coasts. These are the 

waves which appear as tsunamis, storm surges, and so on, and occasion¬ 

ally cause considerable damage in harbors and give rise to floods on 

low-lying coasts. The long-wave studies are more or less experimental 

at present, however, and further work on the instrumentation is 

needed. The records obtained are held by the appropriate institutions; 

the Data Centers have information only on the location of the stations 

and the periods of time covered by the records. 

The second part of the oceanography program for IGY is that being 

carried out by research ships at sea. About 20 nations are taking part 

in this work, employing a fleet of at least 80 vessels, which range in size 

from a few hundred up to six thousand tons. 
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In these investigations, the emphasis is on the earth’s heat budget. 

It is known that at the equator more energy is received from the sun 

than is lost back to space. At the poles, the opposite is the case. The re¬ 

sulting flow of energy polarwards is believed to be one of the chief 

driving forces of the atmospheric circulation. Since there is no general 

Fig. 2. Showing the possible extent to which the east coast of the United States might be 

inundated during the next half century if the continued warming of the earth’s atmosphere 

accelerates the melting of the polar ice caps. (Reprinted by special permission of The Saturday 

Evening Post. Copyright 1958 by the Curtis Publishing Company.) 
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change in temperature over the earth, the gain at the equator must 

match the loss at the poles. The problem is to discover what part in 

maintaining this balance is played by the ocean, which has an im¬ 

mense capacity for the storage of heat, especially in its depths. Can the 

ocean, for example, act as a gigantic buffer, absorbing heat when it 

occurs in excess or drawing upon its stock to make good deficiencies? 

The principal task for the ships therefore is to study the oceanic circu¬ 

lation—especially the deep circulation, about which very little is 

known. The existence of a circulation throughout the oceans is not 

now in doubt, since it has been found that the proportions of the most 

abundant salts dissolved in sea water are the same in every part of the 

world. The circulation must therefore be active enough to ensure that 

water from one part of the ocean is eventually mixed with water from 

every other part. So far as is known, no considerable part of the deep 

water in the oceans is completely stagnant. 

The low temperatures (2° or 3°C.) prevalent in the depths of the 

oceans indicate that the water there must have originated in polar 

regions and spread throughout the ocean basin. It has been possible to 

learn a little about the paths followed by some of the deep water 

masses. In the northern Atlantic, for example, cold, salt water sinks 

from the surface down to about 10,000 feet and travels towards the 

Antarctic (see Fig. 3). This is commonly referred to as North Atlantic 

“Deep” water. It lies between an under layer of still colder, less salt 

water (“Bottom” water) and an upper layer of warm water (“Inter¬ 

mediate” water), also less salt than the Deep water. Both these water 

masses are moving northwards away from the Antarctic. The Atlantic 

Deep water, moving southwards, eventually joins the general eastward 

movement in the Southern Ocean and has been detected in the bottom 

water of the South Pacific (Deacon, 1957). The cold Bottom water 

from the Antarctic travels as far north as the Bay of Biscay. The 

warmer, Antarctic Intermediate water has been found as far north of 

the equator as about latitude 25 °N. 

Similar movements appear to take place in the Pacific and Indian 

Oceans, though less is known about them than those in the Atlantic. 

What was almost entirely unknown until quite recently, for any part 

of the ocean, was the speed at which these deep water masses travel. It 

was formerly believed that the movements everywhere were ex¬ 

tremely slow, but the idea of a very slow circulation is hard to recon¬ 

cile with the conception of the oceans serving as a reservoir for the 

earth’s heat stock. However, during IGY some very notable discoveries 

have been made in regard to the deep circulation. A co-operative in¬ 

vestigation of the Gulf Stream carried out by the Woods Hole Ocean- 
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ographic Institution and the British National Institute of Oceanogra¬ 

phy has revealed that below the Gulf Stream, which extends from the 

surface to about 5,000 feet, there is a current flowing strongly to the 

southward, that is, in the opposite direction to the Gulf Stream 

(Iselin, 1957: Deacon, 1957). Measurements made with submersible 

1,000- 
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m. Water Movement ft. 

Fig. 3. The distribution of the deep water masses along a north-south section through lha 

Atlantic Ocean (after Wustl. 
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floats showed that between 5,000 and 6,500 feet there was no appreci¬ 

able motion. Three floats near 8,000 feet and four at about 10,000 feet 

moved southward; the fastest float—one of the deeper ones—travelled 

23 miles in 66 hours—that is, at about 8 miles a day. Even on the very 

bottom, in over 13,000 feet, an appreciable southerly movement was 

observed. 

Again, a joint experiment was made by the Japanese and the 

French, using the Bathyscaphe, a special submarine vessel which can 

descend to very great depths. They worked on the edge of the Japan 

Deep, off the island of Honshu, in the Kuroshio region. There, in a 

depth of something like 10,000 feet, a current was observed quite close 

to the bottom, moving at just over one mile a day, which is a speed of 

a considerably higher order of magnitude than was formerly believed 

to occur on the very floor of the ocean. 

Yet again, in April and May of 1958 investigations were made by 

vessels of the Scripps Institution of Oceanography of the waters be¬ 

neath the South Equatorial Current in the Pacific, which is a surface 

current setting towards the west at about 35 miles a day. Beneath it 

was found a 250-mile wide current setting eastwards at about 85 miles 

a day. This current was followed eastwards from a point in mid-ocean 

for some 3,500 miles. Over this distance it rose from about 300 to 150 

feet below the sea surface (US National Committee for IGY, 1958). 

Similarly, Commandant Tchernia, working with French vessels in the 

Indian Ocean, found a sub-surface current which rose gradually to 

higher levels along its course. These are new and important dis¬ 

coveries, which may help to show how large quantities of water may 

be transported horizontally and also raised from the deeper levels up 

towards the surface. Previously we had known only of the phenom¬ 

enon of upwelling, which takes place in limited regions, mainly on the 

west coasts of continents in low latitudes, where the major surface cur¬ 

rents tend to set off the land, and vertical movements take place as a 

compensatory process. These movements carry water up to the surface 

levels from intermediate depths—not the bottom—at rates of some¬ 

thing like 5 feet a day. 

From theoretical considerations, Dr. Veronis (1957) has made a 

forecast of the possible distribution of the ocean currents below about 

6,000 feet (see Fig. 4). The major flows would seem to be meridional 

and to be concentrated off the eastern coasts of the major land masses, 

while over most of the ocean bed the water movements appear to be 

relatively weak. The question then arises, are the subsurface move¬ 

ments intermittent or continuous? Comparison of some of the IGY 

observations with earlier data suggests that at any rate away from the 
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main flows, intermittent movements are the rule. Observations of 

temperature and dissolved oxygen suggest that in parts of the Atlantic 

the bottom water, below about 10,000 feet, was last renewed in 1812. 

The oxygen content of the water seems to be diminishing at the rate of 

about 0.15 ml/I in 10 years. Some basins have been found in the 

Caribbean region in which the deep water is isolated by sills from the 

main oceanic water masses (US National Committee for IGY, 1958). 

This water appears to be a remainder from an earlier type of oceanic 

■circulation than exists at present, with different climatic conditions. 

In the Pacific it seems-that the bottom water in some places may re¬ 

main for something of the order of 1,000 years (Revelle, 1958). These 

waters are nevertheless not stagnant, in so far as sulphuretted hydro¬ 

gen is not formed. 

Besides helping in the evaluation of the earth’s energy budget, the 

studies of the deep circulation bear on an urgent practical problem, 

namely, the disposal of radio-active waste at sea. Accordingly, obser¬ 

vations are being made by the ships to establish the natural background 

of radio-activity in the sea. Adequate knowledge of the background is 

Fig. 4. Prediction of the flow (average transport) in the water below 2,000 m. in the 

oceans. The white areas indicate depths over 4,000 m. (Reproduced from Oceanus, Vo!. V, 

Nos. 3 Si 4, pp, 20 and 21, by kind permission of the Woods Hole Oceanographic Institu¬ 

tion.) 
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essential before the significance can be assessed of any abnormalities 

that may appear. 

Ships being expensive to operate, it is natural that when a research 

ship is at sea, as many observations as possible are made. On the IGY 

cruises, therefore, many different subjects are studied together—for 

example, the potential of organic production in the oceans (how much 

food can be obtained from the sea?); the carbon-dioxide system, par¬ 

ticularly the C02 exchange with the atmosphere, a question which 

bears on climatic changes; and also the nature and shape of the bed of 

the oceans. As Dr. Revelle has said (loc. czY), “we know less about the 

bottom of the ocean than we do about the surface of the moon.” 

Although IGY has reached its official close, the Data Centers are to 

continue unchanged, at least until the end of the current year. As may 

be expected, now that the field-work phase of IGY is over, the flow of 

data into the centers has greatly increased. However, it was not the 

policy of those who planned IGY that so far as oceanography is con¬ 

cerned, the data should be analysed and studied by the Data Centers; 

instead, the centers’ responsibility is limited, first to assembling, then 

to making the material available to anyone who needs it. Accordingly, 

catalogues of the data currently received have been published from 

time to time, to serve until it appears that all available data have been 

collected and a final version can be prepared. Several institutions have 

already been supplied with sets of data. 

Again, so far as oceanography is concerned, plans have been made 

to continue some of the international investigations begun for IGY 

and to embark on fresh work, under the name of the International 

Geophysical Co-operation (IGC). For instance, plans are being made 

for an international expedition to the Indian Ocean, which in addition 

to being the least well known of the oceans, provides unequalled op¬ 

portunities for observing the response of the water masses to the reg¬ 

ular seasonal change of the monsoon winds. Sixteen ships from eleven 

different countries are expected to participate in the survey, the major 

operations in which are scheduled for 1961-1962. 

These events alone suggest that a continuing need exists for one or 

more oceanographic data centers, but there are other considerations 

which greatly strengthen this belief. In the first place, oceanography, 

being a comparatively young science, has not developed a central in¬ 

stitution to furnish the services, for example, which the World Meteor¬ 

ological Organization supplies for meteorology. At present oceano¬ 

graphic data are scattered throughout the literature of many different 

countries and it is a laborious and time-consuming task to assemble and 

collate them. 
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Moreover, for some years past the collection of oceanographic data 

has been expanding at an ever-increasing rate, which the growing use 

of recording instruments tends to accelerate even further. The nature 

of oceanographical observations is such that before they can be con¬ 

veniently analysed and studied, they usually require some amount of 

preliminary processing. If all this initial collection, collation, and 

processing can be carried out by a central institution, such as a Data 

Center, for example, costs may be considerably reduced, and the re¬ 

search worker spared a good deal of time which can be devoted to 

analysis and research. Accordingly, proposals have been made for the 

establishment of the oceanographical archive of the IGY Data Center 

(A) on a permanent basis, with some broadening of the center’s scope 

and responsibilities. 
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Concerning the Congruence rx—x (mod p) 

by ROGER OSBORN 

The University of Texas 

INTRODUCTION 

For the readers who are relatively unfamiliar with number theory, 

the following definitions and explanations may be helpful. Further 

information about each of these points may be found in Wright 

(1939). 

1. All letters represent integers. 

2. a = b (mod p), read “a is congruent to b modulo p” means that 

the difference a-b is divisible (an integral number of times) by the 

modulus p. Many of the rules of ordinary algebra are valid for con¬ 

gruences. 

3. In this paper p represents a prime (a number divisible only by 

itself and one). 

4. The symbol (a, b) represents the greatest common divisor of a 

and b. If (a, b) = 1, a and b are said to be relatively prime. 

5. There is a theorem, due to the celebrated mathematician Fermat, 

which states that: if p is prime, and if (a, p) = 1, then ap_1= 1 (mod 

p)- 
6. If the minimum exponent for which ge = 1 (mod p) is p—1, then 

g is called a primitive root of p. 

7. A Diophantine equation is a conditional equation which is to be 

satisfied only by integral values of the arguments. The linear Dio¬ 

phantine equation ax + by = c is solvable if (a, b) divides c. If the 

equation is solvable, it has a family of solutions. 

8. The Euler 0 function, 0(m), represents the number of integers, 

not exceeding m, which are relatively prime to m. If m is factorable 

ai a2 «k 1 
into prime factors, m = p p . . . p , then 0(m) = m(l — —) 

12 Pi 
1 1 

(i --)... (i -—). 
P2 Pk 

9. Two other well known theorems, presented here without proof 

are: (1) a prime p possesses 0(p-l) primitive roots; and (2) if gx is a 

270 
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primitive root of p, then gk=gh (mod p) is a primitive root of p for 

each of the 0 (p—1) values of i which are relatively prime to p-1. 

The purpose of this paper is to exhibit a solution to a problem which 

appeared in Vandiver and Weaver (1958). The problem may be 

stated as the following theorem. 

Theorem. For an odd prime p > 3, if there exists a primitive root of 

p which is relatively prime1 to p-1, there exists a primitive root r and 

an integer x for which rx == x (mod p). 

Proof. Let x be a (positive) primitive root of p such that (x, p-1) 

== 1. Now 

(1) x == x (mod p), 

and by Fermat’s Theorem 

xp_1 = 1 (mod p). 

Hence 

(2) x1 + k(p-1) = x (mod p) 

for any integer k. 

Determine k so that 

(3) 1 + k(p—1) = xq. 

Equation (3) is the Diophantine equation 

(4) xq - (p-l)k = 1 

in which the coefficients x,p—1 are given. Since (x,p—1) — 1, this Dio¬ 

phantine equation possesses solutions. Let q0,k0 represent one set of 

solutions of (4). Then 

/ex q = q0 + m(p-l) 

k = k0 + mx 
are the parametric equations defining the family of all integral solu¬ 

tions of (4). Now, independent of the values of q0,k0, it is possible to 

select values of m for which both q and k are positive. The successive 

values of q differ by p-1, so that a value of m = m, may be chosen to 

yield a value q = qi for which 0<qt <p-l. Let ki be the value of k 

associated with m = mj. The value kx is also positive, for otherwise 

equation (4) could not be satisfied. 

Now, equation (4), or (3), has solutions qi,ki. Hence, congruence 

(2) becomes 

xi + k(p-D =xqix= (xqi)x = rx == x (mod p). 

The relation xqi = r, r a primitive root of p, follows from the observa¬ 

tion from equation (4) that qi is relatively prime to p-1: for, if (qx, 

p-1) d, then d, being a divisor of the left member of (4) must also 

divide the right member, and hence d - 1. 

1 For each of the first 100 primes greater than 3 this condition is met. It is the 

author’s conjecture that it is met for all primes greater than 3. 
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For most primes, additional solutions of the congruence 

(6) ga = a (mod p) 

may be found in the following fashion—once the solution above has 

been found. Since x was a primitive root of p in the above proof, xe will 

generate all other primitive roots as e takes on all of the 0(p-l) values 

which are relatively prime to p-1. Among all of these values of e let 

ei, e2, e3, . . . represent those exponents which generate primitive roots 

which are relatively prime to p-1. That is, xei = a (mod p), a being a 

primitive root of p for which (a,p-1) — 1 and (e^p-l) = 1. 

Starting with the initial solutions r,x for which 

rx == x (mod p), 

raise each side to the power ei (for any of the values of i) 

re.x = xei == a (modp). 

Again use Fermat’s Theorem to obtain 

(7) reix + s(p-1) = a (mod p). 

Require that 

(8) eiX + s(p-l) = aj. 

That this Diophantine equation possesses solutions s,j follows from the 

following observations. In equation (8), solutions will exist if (a,p-1) 

divides eiX. Since (a,p-1) — 1, this condition is met for each ei5 and 

the Diophantine equation (with terms rearranged) 

(9) aj - (p-l)s = eiX 

possesses solutions. Let j0,s0 be one set of solutions of (8). Then 

j = jo + n(p-l), 

s = s0 + na, 

are the parametric equations defining all solutions. As before, let nx be 

a value of n for which j = ]1 satisfies 0<ji<p—1, and for this n = nl7 

the corresponding value s = sx must be positive in order to satisfy 

equation (9). 

Thus, congruence (7) becomes 

(10) reixJrSi(p"1) = rha == (rji)a = a (modp). 

In equation (8), if j,p-l possess a prime divisor, this prime divisor 

must divide esx also. Since (eirp-l) - 1, and (x,p-l) = 1, the pro¬ 

duct eiX has no prime divisor in common with p-1. Therefore, (j,p—1) 

= 1, and hence 

rji == g (mod p), 

g being a primitive root. Therefore, (10) gives rise to solutions g,a of 

the congruence 

ga = a (mod p) 

for each ej defined above. 

Example. For p p? 23, the primitive roots 5,7,15,17,19,21 are all 

relatively prime to p-1 = 22. 
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Following the steps of the proof, let x — 5. 

Now 5 = 5 (mod 23), 

and 51+22k = 5 (mod 23). 

Determine k so that 1 + 22k — 5q, or so that 

5q — 22k = 1. 

A solution of this Diophantine equation is q0 = 9, k0 = 2, and the 

general solution is 

q = 9 + 22m, 

k — 2 + 5m. 

Selecting mt = 0 gives qi = q0 = 9, kx = k0 = 2. For these values, 

1 + 22kx = 5qt becomes 1 + 2-2 = 45 = 9-5, and 

5i+22k = 5 (mod 23) 

becomes 

59'5 = (59)5 = 5 (mod 23). 

Now 

59 = 11 (mod 23), 

and, therefore, 

(ll)5 = 5 (mod23) 

is a solution of the congruence rx = x (mod 23). 

From this solution, others can be created. Since (7,22) = 1, and 

since 57= 17 (mod 23), with (17,22) = 1, raise each side of the last 

congruence above to the 7th power: 

(ll5)7 = 57 = 17 (mod 23). 

Using Fermat’s Theorem, 

H35+s(22^17 (mod 23). 

Require that 

35 +22s = 17j. 

A solution of this Diophantine equation is j0 = —315, s0 = —245, and 

the general solution is 

j = —315 + 22n, 

s = -245+ 17n. 

For nx = 15, 

= -315 + 330 = 15, 

Si — 245 + 255 = 10. 

The congruence U35+22s= 17 (mod 23) becomes 

H»5 + 22(10)Ij[115'H,i (H15)17=17 (m0d 23) , 

and since ll15 = 10 (mod 23), the new solution of the congruence 

rx = x (mod 23) becomes 

1017^ 17 (mod 23). 

In conclusion, it should be emphasized that the theorem proved 

above, its extension to give other solutions, and the example given do 
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not imply that other solutions may not exist—they merely imply the 

existence of one or more solutions. 
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Reactions of Diazonium Salts with Nucleophiles 

by E. S. LEWIS 

The Rice Institute 

The aromatic diazonium ions, of which the unsubstituted benzene- 

diazonium ion (I) is an example, are substances of great interest and 

ABC 
i 

utility. The salts are usually strong electrolytes, therefore the anion is 

often quite unimportant. The diazonium salts are intermediate in the 

manufacture of the important group of azo dyes, and they are also 

used, especially in the laboratory, as intermediates in the replacement 

of the primary aromatic amino group by a variety of groups, as shown 

in reaction (1). The group X can be halide, cyanide, nitro, hydroxyl, 

ArNH2 ~02 > ArN2+ --_ > ArX + N2 

alkoxyl, several sulfur, arsenic or antimony containing groups, hydro¬ 

gen, or metals. Some of these reactions may be considered to represent 

a nucleophilic substitution. 

The contributing structures IB and IC show that nucleophilic attack 

at the ortho and para positions and on the terminal nitrogen can be 

expected, and indeed such reactions are known. 

This paper will discuss various nucleophilic attacks on the diazon¬ 

ium system which have been studied in the Rice Institute laboratories. 

Little concern will be given to those reactions which have been shown 

to be of a free radical nature, or which appear to be of this nature. 

The first recognized diazonium salt was prepared one hundred years 

ago,1 and most of the reaction types were discovered before 1900. Al¬ 

most any work on the nature of the diazonium salt reaction owes its 

origin to the pioneering work of A. Hantzsch, mostly in the years 1895 

to 1905. Today it is possible to apply the modern theories of structure 

and mechanism (which were unknown to Hantzsch) to several of 

these reactions, and use in these studies some of the new experimental 
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techniques. The combination of improved experiments and theory has 

indeed proved fruitful. 

A simple but important experimental development has been the use 

of the fluoborate salts. The ordinary anions yield with diazonium ions 

salts which are too soluble to permit facile isolation; they are deliques¬ 

cent and dangerously explosive. The fluoborates are much less water 

soluble, are readily dried, and in over ten years none has decomposed 

violently, although several other salts have detonated on a small scale 

with great violence. The fluoborates are also readily recrystallized in 

many cases, and the anion is essentially inert. 

Another new tool is the use of ultraviolet spectra for qualitative and 

quantitative analysis of mixtures. While Hantzsch himself used these 

spectra, the apparatus was cumbersome, slow and imprecise. A spec¬ 

trum can now be obtained in less than a minute using a recording 

photoelectric instrument. The diazonium salts all have the aromatic 

system and the N-N multiple band conjugated, so that any change in 

this system results in a change in spectrum. We have followed reac¬ 

tions with half-times as short as ten seconds, and in solutions as dilute 

as 10~6 M, thus virtually eliminating higher order reactions which 

interfere at high concentrations. 

It is necessary to consider first the electrical effect of the diazonium 

ion group itself on the rest of the molecule. This can be measured by 

the Hammett substituent constants (<r). The pertinent values are those 

for apara, crmeta, and o-para,* where the first two can be measured by the 

increase in strength of the correspondingly substituted benzoic acid, 

and the last can be measured by the increase in strength of the phenol. 

The values found2 are <rp II +2.0, am = +1.8 and <rp* 1 +3.1, are 

larger than those for any other known substituent. The diazonium 

group is thus by far the most powerfully electron-withdrawing sub- 

substituent known, and represents in effect a “super-nitre” group. The 

extreme effect of this diazonium ion group will turn out to have some 

unusual consequences. 

Nucleophilic attack can take place at several points and by more 

than one mechanism. Examples of the three types of attack are given in 

the equations (2), (3), and (4). We shall discuss in turn the nucleo¬ 

philic substitutions of the diazo nitrogen, substitution of groups ortho 

and para to the diazonium group, and finally the formation of covalent 

diazo-compounds. 

Nucleophilic substitutions in aliphatic systems follows two kinetic- 

ally distinguishable paths, the so-called S+ and SN2 mechanisms. 

Kinetically corresponding paths appear in the aromatic series, as well 

as a new series, typified by the Sandmeyer reaction, with metal ions 
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OH (2) 

(3) 

N2 + CN N = INI - C N (4) 

catalysis in. which free radicals are probably intermediates. Of these, 

the most familiar is the Sx1 analog, resulting in reactions with solvent. 

The solvolysis of diazonium ion in water gives the phenol, a re¬ 

action known even before Griess isolated a diazonium salt. The ma¬ 

jority of the evidence leading to the mechanism now accepted has been 

available for fifty years, but the details have only recently become 

clear. We have attempted to perform a few missing crucial experi¬ 

ments and to examine some of the quantitative consequences of the 

mechanism. 

The mechanism is believed to involve the two reactions, (5) and (6), 

with the interesting aryl cation (Ar+) as an intermediate. The re- 

. .. + slow , + , 
ArN2 -> Ar + 

Ar+ + H20-* ArOH + H+ 

(5) 

(6) 

action has usually been followed by nitrogen evolution,3 but in one 

case spectrophotometric analysis for the coupling product with a (3- 

naphthol derivative gave highly precise rate constants.4 The insensi¬ 

tivity to solvent required by the mechanism was demonstrated.5 6 The 

fact that the rate is independent of the anion was shown in water solu¬ 

tion 3a and in nonaqueous solvents.6 The consequence that in aqueous 

methanol the aryl cation must be able to react with either water or 

methanol to give the phenol or the methyl ether was recognized and 

demonstrated.6 The quantitative aspects of this alternative mode of 

reaction with nucleophiles other than solvent were explored in the 

reactions of p-nitrobenzenediazonium ion in the presence of bromide 

ion,7 and in the reactions of the unsubstituted benzenediazonium in the 

presence of chloride and sulfate ions,8 and thiocyanate ion.9 In each 

case the strikingly low selectivity of the aryl cation compared to 
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ordinary carbonium ions is evident. For instance, chloride ion reacts 

only about three times as fast with phenyl cation as water does. Ordi¬ 

nary carbonium ions may give corresponding factors of hundreds. The 

low selectivity is also shown in the reaction with thiocyanate by the 

relatively large reactivity at the nitrogen end of this anion, which with 

most reagents reacts almost exclusively at the sulfur end. The perti¬ 

nent reactions and rate ratios are given in equations (7), (8), and (9). 

CfiH + + scn" ks 
* C.H_SCN ■ (7) 

o D * 6 5 

ch + + scn“ kn N n H NOS (8) 
6 5 > 6 5 

C,H + + HO kw + 
^ r. h oh + H (9) 6 5 2 65 

ks/kw =* 5, kn/kw ~ 2 

The very low selectivity is consistent with the instability of the phenyl 

cation, which, unlike the aliphatic carbonium ions, is stabilized by 

neither ordinary resonance nor by hyperconjugation. 

This aryl cation intermediate mechanism is of great importance for 

benzenediazonium ion and its alkyl derivatives, but the route is of 

high activation energy when other groups are in the p^ra-position, or 

when electron-attracting groups are in the m^te-position, so that other 

mechanisms often become significant with these cases. The mechanism 

also applies roughly to certain reactions of aliphatic compounds, such 

as the nitrous acid-amine reaction and the reactions of diazo com¬ 

pounds with acid. In these cases the presumed diazonium ion inter¬ 

mediate is far too unstable to isolate. 

The kinetically second-order or SN2 substitution is analogous to the 

corresponding reactions of aryl halides. These substances are very 

unreactive toward nucleophilic attack except when activated by groups 

such as the nitro group in the ortho- or p^ra-position.10 Similarly, 

bimolecular substitution of the nitrogen only is found in such activated 

systems. The bimolecular substitution accompanies the Sn1 process in 

the reaction of p-nitrobenzenediazonium ion with bromide ion,7 but 

even in this activated example the SNX process predominates. The rate 

constant for the SN2 reaction at 75° is not more than 2 X 10-5 l./mole. 

sec. The substance II is very likely an intermediate. 

°\ + 
N 

0X 

_/===V'N2 
"W^Br 

n 



REACTIONS OF DIAZONIUM SALTS WITH NUCLEOPHILES 279 

An interesting case is the reaction of the p-benzenetetrazonium ion 

with chloride, bromide, or thiocyanate. These reactions, activated by 

the para-diazonium group, which is far more powerfully electron- 

withdrawing than the p-nitro group, are fast enough to require room 

temperature or lower temperatures for their measurement by the fast 

spectrophotometric methods.11 There is presumably an intermediate 

of structure III. Iodide ion reacts far faster by another mechanism. 

N = N 

This example is not only an example of second-order substitution of 

the No group by a nucleophile, but is also an example of the activation 

of substitution by the other diazonium group. Such examples have long 

been known; among the first was the reaction of bromobenzenedia- 

zonium chloride to yield chlorobenzenediazonium bromide as in re¬ 

action (10) via the intermediate IV. 

Br 

r —N E N + Cl Br 

Cl 4. (10) 
N + Br 

Br 
Br 

Cl 

_Al'< - 
Br—/ N = INI 

Br 

HZ 

This particular example, like so many others, was discovered by 

Hantzsch. 

The mechanism of this reaction was not clear from Hantzsch’s 

studies, and the only reported kinetics (of doubtful reliability) were 

not consistent with the bimolecular formation of the intermediate IV. 

We have therefore reinvestigated the particular reaction (11), where X 

XC,H„N 
6 4 2 

SCN NCSC,H„N9 6 4 4 (ii) 

is halogen,12 to study the kinetics and the effects of changing the po¬ 

sition and the nature of the halogen and the solvent. The reaction was 

followed in very dilute solutions by following the rate of incorpora- 
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Fig. 1. Effect of dielectric constant of water-ferf.-butyl alcohol mixtures on the rate of 

substitution of chloride by thiocyanate. 
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tions of SC14M- into the organic molecule by solution scintillation 

counting. The change of rate with solvent is very large; Figure 1 

shows that the usual, nearly linear relations of logarithm of the rate 

constant with the reciprocal of the dielectric constant is followed. The 

reaction is indeed kinetically second order, and Table I shows some 

rates which indicate the effect of the halogen change. The order of 

rates F<I is unusual for substitution in aromatic systems, but not 

unprecedented. Because of the different solvent effects, it is without 

significance to compare quantitatively the activating effect of the dia- 

zonium ion group with that of the nitro group. It is nevertheless inter¬ 

esting to note that some reactions are fast when activated by one dia- 

zonium group, whereas analogous reactions with even two nitro groups 

are sometimes slow. 

The evidence that these substitution reactions proceed by the usual 

mechanism for activated substitution is therefore convincing. 

Table I 

Rate of XC6H4N2+ + SCN"->X- + NCSC6H4N2+ 

in 95% ^-butanol-water at 20° 

z Rate Constant, 1 

P-F 0.0009 
p-Cl 0.019 
p-Br 0.29 

p- I 0.38 
o-F 0.009 
O'-Cl 0.06 
o Br 0.21 
o-I 0.1 
m-Br 0.0 

The reactions of nucleophiles with diazonium ions at the terminal 

nitrogen have also been known for a long time. The type reaction (12) 

is further complicated by the stereoisomerism of the product, shown 

ArN2++ :R~ Ar — M = N — B (12) 

by the structures V and VI. In nearly every case in which stereoiso¬ 

merism has been found, the unstable syn compound (VI) is formed 

more rapidly than the more stable anti compound (V). Stereoiso¬ 

merism has not been established for the diazoamino compounds (V, 

B =? —NR2), nor for the irreversibly formed arylazo phenols or ani¬ 

lines (V, B — o- or p- C6H4OH or C6H4NR2). It is not known whether 
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the isolated product is anti or syn, or whether the isomerization is too 

fast to allow isolation of a single isomer. 

This irreversible “coupling” reaction yields the commercial azo 

dyes and therefore has been studied more than any other diazonium 

salt reaction. Recent work owes much to Zollinger, who has reviewed 

the literature,13 and also used this reaction to elucidate an obscure 

point of the general mechanism of electrophilic aromatic substitution.14 

This azo coupling reaction almost certainly represents in the rate¬ 

determining step the attack of the aromatic tt electron system on the 

terminal nitrogen of the diazonium salt. 

The reaction rate is quite sensitive to the substituents on the dia¬ 

zonium salt, and Zollinger15 has shown in one case that the rates fit the 

Hammett equation with a reaction constant (p) of +4. We shall see 

that this large p is normal for such attack. 

We have studied the reactions with cyanide, sulfite, and hydroxide, 

all of which are fast, reversible, and complicated by the stereoisomeri¬ 

zation. With two exceptions, the rates of the initial step, that of forma¬ 

tion of the syn-dmzo compounds, are too fast to measure. The equilibria 

can be measured, and for reactions, (13) and (14) equilibrium con- 

Ar ^ Nr 

anti 

V 

ArN 2 + SO, 

N = N 
Arx XB 

syn 

VI 
.N = 

Ar SQo 
(13) 

r 5.1 
16 

ArN, 20H 
N = N. 

H20 + Ar' 
(14) 

r +6 „ 3 
17 

stants have been measured, and the Hammett equation is fitted with 

the very large p shown. 

This last reaction constant is the largest known for a reaction on an 

aromatic side chain. The reaction constant for the syn-diazocyanide 

equilibrium is also very large18 but has not been well determined yet. 

The equilibria in all cases were measured spectrophotometrically; they 

are complicated by syn-anti isomerization but this can be separately 

measured. The sulfite reaction was further complicated by the reduc- 
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tion of the diazosulfonates to the phenyl hydrazine derivative, eq. (15). 

/s°3 h _ n5) 
ArN2S03 + HS03 < > ArN —~ IvIS03 K J 

The complications in the diazotate equilibria are worth special con¬ 

sideration. The reactions of p-nitrobenzenediazonium ion have re¬ 

ceived special attention.17’19 The scheme of Figure 2 shows the meas- 

Ar*p-N 02C6H, 

K= 1.3x1 Q9___ 
r " — ”1 

K; Kb =4x I0"2 

Fig. 2 Rates, equilibria anb detectable substances in the 

REACTIONS OF _P - N IT RO - BENZ ENfDlAT ONlUfA ION IN AQUEOUS BUFFERS. 

ured rates and equilibria; the spectra of the substances underlined 

were measured. The other molecular species were not formed in sig¬ 

nificant concentration at any time. Rate and equilibrium constants 

given in the chart are in appropriate units with the second as the unit 

of time and moles, per liter as the unit of concentration. The syn-anti 

diazotate equilibrium was not measured directly. It was instead de¬ 

duced from the other two equilibria shown. Simiarly, the rate of the 

tfnft'-diazotate—*yp7?-diazotate reactions and the rate of the diazonium 

ion—»<272?z-diazohydroxide reaction are computed from the other meas¬ 

urements. The conjugate acid of the arz^z-diazoliydroxide is introduced 

as a mechanism for an observed acid catalyzed term in the anti-dia¬ 

zohydroxide to diazonium ion rate law. 

The substance sy7z-ArN2OH is postulated as an intermediate in con¬ 

formity with tradition. It should be noted that neither in any of our 

work17’19 nor in that of Zollinger20 has a significant concentration of 

this substance been detected. It is apparently in all cases nearly com- 
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pletely ionized at all pH’s high enough for its formation to an appreci¬ 

able extent. This does not exclude it as a reactive intermediate, how¬ 

ever. 

We have also studied the hydrolysis of p-benzene-Z?A-diazonium ion. 

This is illustrated by Figure 3, where we have shown the paths and the 

A^p-NsN-CgbV 

FlG. 3 ScHEfAE FOR the Reactions of 

BENZENE-&IS>-DIA:zON1UN\ ION WITH WATER. 

substances found, largely by analogy with Figure 2. Two significant 

differences are found. One is that the yyrc-diazotate is no longer a de¬ 

tectable intermediate. Since a greater rate of isomerization than that 

of the p-nitro compound is to be anticipated, and our rapid techniques 

allowed the first detection of the yyn-p-nitrobenzenediazotate, failure 

to find the yyrz-p-diazobenzenediazotate was not surprising. A more 

significant difference lies in the formation of the phenol, p-hydroxy- 

benzenediazonium ion, by a kinetically distinct path from the uni- 

molecular path discussed above, which should be extremely slow. A 

source consistent with the kinetics is from the unimolecular decom¬ 

position of the syn-diazohydroxide, eg. (16). We have been unable to 

svn-ArN2OH -> ArOH + N2 (16) 

find a satisfactory alternative to this equation, although it is without 

familiar analogy. Tentatively, the sequence of free radical (17) dis¬ 

sociation followed by one of two sorts of cage recombination, (18) or 
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(19), or reaction with dissolved oxygen, (20), is suggested. 

svn ArN2OH --> Ar* + N2 + 'OH (17) 

Ar* + ' OH ——-> ArOH (18) 

Ar* + 
H 
OH + ° OH «-=-—* ArOH + HOH (19) 

Ar' + °2-^ Ar02—^ ' —j»ArOH (20) 

Reaction (17) has been suggested as the important step in the Gom- 

berg-Bachmann biaryl synthesis,21 which has certainly been shown to 

involve free radicals, but the source of these radicals is not adequately 

identified. 
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Tarantula Gravel, Northern Rim Rock 

Country, Trans-Pecos Texas 

by RONALD K. DeFORD and LUTHER VV. BRIDGES 

The University of Texas 

ABSTRACT 

Volcanism that took place in Trans-Pecos Texas during the Oligo- 

cene Epoch produced mostly silicic rock. The great Rim Rock Fault 

was subsequent to most of the volcanism, but olivine basalt came up 

along the fault; a small basalt flow is interbedded in the lower part of 

the Tarantula Gravel. The outcrops of typical Tarantula Gravel are 

relics of a bajada gravel that was shed westward from the high scarp 

of the Rim Rock Fault. The Tarantula may be contemporaneous with 

other ancient post-volcanic gravels. Renewed faulting displaced the 

Tarantula. 

INTRODUCTION 

In Trans-Pecos Texas the record of Cenozoic history consists of 

eruptive rock and non-marine sedimentary rock, including a good 

deal of gravel. The oldest Tertiary strata, Paleocene and Eocene, are 

confined to the Rig Rend National Park (Wilson, Fonsdale, Maxwell, 

and Hazzard, 1955; 21, 33, 42-50, 62-69), but a silicic volcanic se¬ 

quence several thousand feet thick that contains Oligocene fossils 

covers much of the far western part of the state. It contains beds of 

gravel in many places and is overlain by large bodies of gravel, which 

constitute the lower part of a post-volcanic sequence of interbedded 

gravel, sand, clay, and caliche. So far only the topmost post-volcanic 

strata have yielded fossils; and the reported age of the oldest of these 

fossils is Rlancan, that is, earliest Pleistocene (Strain, 1959). In other 

words, Miocene and Pliocene fossils are still to be found. 

The block faulting that shaped the trans-Pecos topography was sub¬ 

sequent to most of the volcanism. This statement includes the Rim 

Rock Fault that gave form to the Vieja Rim. One of the greatest faults 

of the region, more than fifty miles long, it is the mark of a displace¬ 

ment that exceeds 2,000 feet along much of its course. In the northern 

part of the Rim Rock Country, the Tarantula Gravel is genetically 
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related to the Rim Rock Fault. Whether or not the Tarantula and the 

other large bodies of gravel that lie directly on the volcanic sequence 

in Trans-Pecos Texas are contemporaneous, they are among the chief 

records of the latter part of the Tertiary Period. 

THE NAME “TARANTULA” 

The Tarantula Gravel is named after the Tarantula Hills (Fig. 1). 

The previous publication of the name (Wilson, Sando, and Kopf, 1957: 

362) did not preoccupy it, for the usage consists of a single sentence in 

a summary of a thesis (Huffington, 1947), to wit: “Strata of the 

Washita Tarantula formation, 680 feet thick, are probably George¬ 

town and Grayson in age.” Nothing more is said. Moreover, by 1947 

Huffington (1943: 1004-1007) had already published his thesis and 

had called these Cretaceous strata the Espy Formation, not the Taran¬ 

tula. 

TYPICAL TARANTULA 

Figure 1 shows the outcrops of typical Tarantula Gravel as mapped 

by C. R. Colton, R, G. McKinney, Dasch (1959), Bridges (1958), P. 

Braithwaite, Frantzen (1958), and Twiss (1959). Three measured 

sections (MSI, MS2, and MS3) constitute the composite type section. 

These were measured by Bridges and Dasch in the summer of 1957. 

In gross aspect the color of the Tarantula Gravel is pale yellowish 

brown where orthoquartzite fragments are plentiful and somewhat 

whiter where there are more tuff fragments. In places it has a reddish 

cast- Closer inspection shows that it is varicolored. The basal strata 

are rather firmly cemented with calcite; the amount of cement de¬ 

creases upward. The thickness of the Tarantula is at least 300 feet and 

may be more than 400 feet. 

Measured Section No. 1.—One of the Tarantula Hills is a small hill 

capped by a remnant of Tarantula Gravel, with an interbed of basalt 

(unit 20). MSI (30°36.1'N, 104°47.8'W) extends S 50° E from its 

top at the top of this hill to its base in a stream bed, adjacent to and 

south of the main body of basalt in the Rim Rock Fault (Fig. 1). This is 

MS 12 of Bridges (1958). 

T hickness 

Unit Description in feet 

TOP OF MESA 

Tarantula Gravel 

22 Conglomerate: cobble-to-pebble size; poorly cemented; moderate red 

(5R5/4); fragments 65% subrounded orthoquartzite, 30% angular 

reddish ignimbrite, 5% red siltstone 14 
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21 Conglomerate: cobble size; well cemented; pale yellowish brown 

(10YR6/2); fragments, 95% orthoquartzite, 4% tuff (pebble size), 

1% limestone; calcareous cement .i.... 55 

20 Olivine basalt: olivine altered to iddingsite; 3 and possibly 4 separate 

flows; dark gray (N3) ........ 51 

fTTTl (RECENT ALLUVIUM a TERRACE GRAVEL OMITTED) 
111 I I POST-TARANTULA BOLS0NFILL 

[ ^ TARANTULA GRAVEL 

BASALT 

VIEJA GROUP 

GULFIAN SH. a SS. 

COMANCHEAN LS. a SS. 

A TIERRA USCaSS TRI ANGULATION 

STATION 

NORMAL FAULT 

\ REVERSE. FAULT (TRIANGLES 

ON OVERTHRUST BLOCK) 

MEASURED SECTION NO. 

Fig. 1. Bedrock geology, northern Rim Rock Country. Dikes and sills here omitted are shown 

by Dash (1959, PI. 3). 
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19 Conglomerate: pebble-to-boulder size, cobble size predominating; well 

cemented; basal part yellowish gray (5Y7/2); upper 4 feet well ce¬ 

mented with calcite, very pale orange (10YR8/2); at upper contact 

moderate red (5R3/6); fragments, 90% red, gray, and white ortho¬ 

quartzite, 10% Finlay (?) limestone, trace of igneous rock; with the 

exception of local stream channeling into the top of the underlying 

Capote Mountain Tuff, the lower contact is concordant . 30 

Measured thickness of Tarantula 

Gravel, including basalt ......... 150 

Units 19-22 were measured west of a small north-trending fault; 

units 1-18 were measured east of the fault. The two sections are ap¬ 

proximately 700 feet apart. 

Capote Mountain Tuff 

18 Tuff: very fine grained, moderately sorted; predominantly uncon¬ 

solidated; very light gray (N8) weathering to yellowish gray 

(5Y7/2); bedded in indistinct layers six inches to several feet thick, 

some with minor crossbedding; 40 feet below the top, the unit contains 

Vs-inch to l-inch white (N9) balls of partly chalcedonified caliche 

that become more numerous up section; wormy weathered appearance 

in the upper 30 feet; dip 20° N at base gradually changing to hori¬ 

zontal toward the top ... 200 

17 Tuff: fine-grained; very light gray (N8); strongly crossbedded with 

SE dip ..... 3 

16 Tuff: fine-grained; light gray (N7) . 22 

15 Bentonite: earthy; grayish orange pink (5YR7/2) . 6 

14 Tuff: fine-grained; light gray (N7) . 3 

13 Tuff: fine-grained; friable; light gray (N7); calcareous cement. 2.5 

12 Conglomerate: pebble-to-cobble size; subrounded; friable, light gray 

(N7); few igneous-rock fragments . 4 

11 Bentonite: earthy; grayish orange pink (5YR7/2) . 10 

10 Tuffaceous fine sandstone: bentonitic in part; loosely cemented; light 

gray (N7) .  9 

9 Conglomerate: pebble-to-boulder size; varicolored with grayish orange 

(10YR7/4) stain on weathered surfaces; fragments, 70% orthoquartz¬ 

ite, 30% igneous rock; some sandy lenses . 9 

8 Tuffaceous fine sandstone: light gray (N7); several thin lenses of 

pumiceous lapilli; white (N9) .... 175 

7 Pumiceous tuff: massive; white (N9) to yellowish gray (5Y7/2) on 

the weathered surface . 14 

6 Tuffaceous fine sandstone: massive with jointed weathered surface; 

very light gray (N8) . 7 

5 Tuff: bentonitic; earthy; grayish pink (5R8/2) . 21 

4 Tuffaceous fine sandstone: very light gray (N8); thinly bedded. 9 

3 Conglomerate: pebble-to-cobble size, subrounded to angular; yellow¬ 

ish gray (5Y7/2) .1. 5 

2 Tuffaceous fine sandstone: friable; yellowish gray (5Y7/2); thinly 

bedded; noncalcareous .     19 
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T hickness 

Unit Description in feet 

1 Very coarse sandstone: poorly sorted; friable; light olive gray 

(5Y6/1); weakly crossbedded; calcareous... 6 

STREAM BED 

Measured thickness of Capote Mountain Tuff. 525 

Total thickness of MSI ..... 675 

Measured Section No. 2.—MS2 (30°37.3'N, 104°50.4'W) extends 

in a northerly direction from its top at the top of a small hill to the 

base of a vertical exposure in a stream bed, 100 feet SE of the county 

road (the Porvenir mail route). This is MS13 of Bridges (1958). 

TOP OF HILL 

Tarantula Gravel 

3 Conglomerate: cobble-to-pebble size; well cemented with recent 

caliche; varicolored with very pale orange (10YR8/2) matrix; frag¬ 

ments, 30% orthoquartzite, 70% igneous rock. 1-2 

2 Conglomerate: pebble-to-cobble size; rounded to subrounded; weakly 

cemented; varicolored with grayish orange (10YR7/4) matrix; frag¬ 

ments, 30% white and gray tuff, 20% gray, red, and orange ignim- 

brite and rhyolite, 10% scoriaceous basalt, 20% orthoquartzite, 5% 

red siltstone, 15% matrix; the percentage of tuff increases to 50% 

at the top of the section with a propprtionate decrease in the other 

rock types; lenses 1 to 2 feet thick; weak crossbedding dipping SE 

(?); some sandy lenses ... 116 

1 Sand: poorly cemented; grayish orange (10YR7/4); beds 2 to 4 inches 

thick; %- to 1-inch laminations of limy material. 3 

STREAM BED 

Total thickness of MS2 . 121 

Measured Section No. 3.—MS3 (30°35.8'N, 104°49.6'W) extends 

in a westerly direction from the top of a long gentle slope to the base 

of a steep hill in the middle of the Tarantula Hills. This is MS 14 of 

Bridges (1958). 

TOP OF LONG GENTLE SLOPE 

Tarantula Gravel 

6 Gravel-covered gradual slope . 80 

5 Conglomerate: cobble-to-boulder size; well cemented; varicolored 

with grayish orange pink (5YR7/2) matrix; fewer basalt fragments 

than in unit 4 ....... 35 

4 Conglomerate: boulder-to-cobble size; well cemented; varicolored 

with grayish orange pink (5YR7/2) matrix; indistinct bedding; 50% 

orthoquartzite; 15% red siltstone; 15% basalt; 20% rhyolite and 

ignimbrite fragments ... 72 
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T hickness 

Unit Description in feet 

3 Conglomerate: pebble size; well cemented; varicolored; mainly tuff 

fragments ........................................... A;:-—.—..... 70 

2 Sand: coarse; poorly sorted; well cemented; grayish orange (10YR7./ 

4); layers of tuff pebbles; minor erosional discontinuity at the top. 8 

1 Conglomerate: pebble-to-cobble size; well cemented; grayish orange 

(10YR7/4); 5% basalt......... 6 

BASE OF STEEP HILL 

Total thickness 'of MS3 ......... 271 

At MSI (Fig, 1) typical Tarantula Gravel rests on Capote Moun¬ 

tain Tuff. Within six miles north-northwestward the Tarantula over¬ 

steps the entire Yieja Group to rest on the Cox Sandstone, Bluff Lime¬ 

stone, and Yucca Formation. The Viejo Group itself oversteps Upper 

Cretaceous formations and laps onto the Cox, Bluff, and Yucca (Twiss, 

1959: map). The pattern of outcrop at the base of the Tertiary (Fig. 

2) shows that the hills around the Colquitt syncline two or three miles 

northwest of Smokey Headquarters have been there since the early 

part of the Cenozoic Era. Probably neither the Vieja volcanic rock nor 

the Tarantula Gravel completely covered them. 

The distribution of the Tarantula Gravel is the chief clue to its ori¬ 

gin. The south to north extent is about fifteen miles. For six miles the 

outcrop nearly parallels the Rim Rock Fault. For four miles the east 

edge of the gravel is within a tenth of a mile of the fault. The outcrops 

of the typical Tarantula are the relics of a bajada gravel that was shed 

westward from a high scarp created by the Rim Rock faulting. Accord¬ 

ingly the type Tarantula is composed of fragments of the Vieja for¬ 

mations that still are to be found in the northern part of the Vieja Rim, 

including a great many cobbles and boulders of Cox Sandstone from 

gravel beds in the Colmena and other formations. Some of the frag¬ 

ments of Comanchean rock probably came from the hills on the north. 

Since the latter part of the Tertiary Period the rim itself has retreated 

eastward to its present position about five miles east of the Rim Rock 

Fault. 

The Rim Rock fault-scarp was the west inface of a huge eastward¬ 

dipping cuesta created by the block faulting. At the same time a deep 

intermontane basin with northerly trend took shape on the west. Its 

axis is 8—10 miles west of the Rim Rock Fault and extends from about 

30°32'N to 45'N. The pile-of fragments eroded from Vieja formations 

in the Rim Rock fault-scarp and Comanchean formations in the hills 

bordering the Colquitt Syncline formed a bajada composed of Taran- 
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tula Gravel sloping down into the western basin. Renewed faulting 

displaced the Tarantula and deepened the basin. Younger silt, sand, 

and gravel was deposited on the Tarantula partly filling the basin, 

which became the Green River Rolson (Twiss, 1959). 

CENOZOIC HISTORY 

The Mesozoic rocks had been folded during the latter part of the 

Cretaceous Period and the early part of the Tertiary Period. At this 

time the country stood not far above sea level. During the Oligocene 

Epoch the volcanic rocks of the Vieja Group were deposited on the flat 

surface of shale outcrops and the more hilly surface of limestone and 

sandstone (Fig. 2). A dike swarm (Dasch, 1959) was intruded into 

2 SCALE 

E3 BLUFF LS. 

33 0 I 3 
O £ X OUTCROP BOUNDARY AT PRESENT, 

£ MILES HACHURES ON COMANCHEAN ROCK 

[:Y| YUCCA SS. a CONG. 

Fig. 2. Geology of surface on which Vieja Group was deposited. For location compare with 

Figure 1. 
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Cretaceous and Vieja rocks: earlier dikes composed largely of trachy- 

dolerite are cut by later dikes composed largely of alkalic trachyte. 

At about this time the whole western trans-Pecos and northern 

Chihuahua region was uplifted thousands of feet above sea level and 

block faulted. Locally some folding (Baker, 1930: 25) took place along 

the trend of the Kim Rock Fault. There is the sharp Colquitt Syncline 

(Frantzen, 1958; Twiss, 1959) in Vieja strata northwest of Smokey 

Headquarters (Fig. 1), and a dome at San Carlos (about 30°27'N, 

104°44/W) four miles south of the southeast corner of Figure 1. 

Whether the folding took place before or during the faulting may still 

be debatable. The Rim Rock Fault tapped a plutonic reservoir. The 

magma issued through a vent in the fault at MSI and flowed out as 

lava. The rock that fills the vent and is interbedded in the basal part 

of the Tarantula is olivine basalt (Dasch, 1959); the olivine has been 

altered to dark red iddingsite. 

The absence of Tarantula Gravel south of the south border (30° 

31'N) of Figure 1 is probably to be explained by the lack of a large 

basin or bolson adjacent to the Rim Rock Fault. Any Tarantula there 

deposited would have been thinner, its elevation would have been 

greater, and it would have been more readily eroded away. 

The next outcrop of “ancient gravel” on the south (DeFord, 1958: 

Fig. 3) is around 30°09'N, 104°39'W, about 2 miles east of Cande¬ 

laria; it is more than 20 miles south of the south border of Figure 1. 

As the typical Tarantula follows the Rim Rock Fault, so the ancient 

gravel near Candelaria parallels the west side of the Candelaria Fault 

for two and a half miles. This analogy suggests that it, too, may have 

been a bajada gravel on the west side of a fault-scarp. It may be re¬ 

lated also to the large bolson that extends southward from Candelaria. 

A different interpretation of its origin has been published by De- 

Ford (1958: 29). The Capote Rim is five miles due east of the gravel 

near Candelaria and a half a mile above it; it is capped by Petan 

Basalt, but any gravel cover it may have had. has been eroded away. 

The Cuesta del Burro, five or six miles farther east, has a gravel cap, 

which is nearly three thousand feet above the gravel near Candelaria. 

Inasmuch as both gravels rest on the Brite Ignimbrite and Petan 

Basalt, DeFord stated that they once were parts of a single body, which 

antedated the Rim Rock Fault and was displaced by it. 

There was another reason for assuming that the gravel in Cuesta 

del Burro antedated the faulting. This gravel is part of a large body that 

covers two or three hundred square miles sloping east-northeastward 

toward Marfa. When a geologist standing on its smooth surface looks 
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we st-south we st ward he sees sky, which is not a source of cobblestones. 

He may conclude that the unseen outcrops that yielded the rounded 

fragments of Comanchean limestone and Tertiary volcanic rock sank 

below the horizon of the gravel when the Rim Rock Fault broke the 

terrane on the west. 

How can the geologist avoid the conclusion that the gravel ante¬ 

dated the Rim Rock Fault? On this high plain only the top part of the 

Chinati intrusion shows above the southwestern horizon. Its summit is 

7,700 feet above sea level and 5,000 feet above the Rio Grande. Per¬ 

haps Cretaceous and Tertiary strata were domed by intrusion and 

removed by the erosion that created the gravel. According to this hy¬ 

pothesis, the intrusion probably preceded the first faulting. The Rim 

Rock Fault could have preceded the erosion or followed it. In any 

event, renewed faulting subsequent to the deposition of the gravel 

lowered the terrane on the west to its final structural position. Such 

renewal after the Rim Rock episode is evidenced by the faults that cut 

the Tarantula Gravel (Fig. 1). 

The 400-mile course of the river between El Paso and Terrell County 

is called the Big Bend of the Rio Grande. It came into being during the 

Pleistocene Epoch. The Great River cut through sierras, breached bol- 

sons, and trenched the downfaulted bedrock. All along its course 

through the Rim Rock country its bed lies several thousand feet below 

the Vieja and Capote Rims. The river removed a great deal of material, 

leaving in trade only the thin but widespread terrace and pediment 

gravels. 
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Identity of Bassanite in Drill Cores in 

Comanche County, Oklahoma 

by W. T. HUANG 

Baylor University 

During investigation of boron minerals (Huang, 1958) in the Wich¬ 

ita Mountains, Oklahoma, bassanite, calcium sulfate hemihydrate, 

was identified in association with Permian gypsiferous beds. The min¬ 

eral occurs as a white powder, a weathering product pseudomorphic 

after gypsum. Although the quantity available was insufficient for 

exhaustive analysis, the x-ray examination confirmed the identifica¬ 

tion of the bassanite. 

Recently the occurrence of bassanite was brought to the writer’s 

attention by Jerry K. Sparkman, Jr., when he examined several drill 

cores taken at depths of 126 feet and 180 feet in an oil well, about 12 

Fig. 1. Fibrous bassanite with gypsum and quartz grains. One dirty and altered anhydrite 

is seen on lower left of the picture. From a drill core at a depth of 180 feet, 12 miles SE 

of Lawton, Oklahoma. X 22, Nichols not crossed. 
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miles southeast of Lawton, Oklahoma, and in about 27 miles from the 

Wichita Mountains, both in Comanche County. 

In all the drill cores examined the mineral is found as layers, in 

unconsolidated sediments, none more than 4 millimeters in thickness, 

commonly intercalated with layers of silty clay and anhydrite. Gyp¬ 

sum is associated either with the bassanite as crystals included in the 

clay layers, or as a fine crystalline constituent within bassanite lam¬ 

inae. The bassanite is white to brownish in color and long fibrous or 

prismatic in habit (Figs. 1 and 2). The fibers are distinguishable 

under a hand lens and are arranged in parallel or slightly radiating 

bundles. The fiber axes are nearly parallel with the bedding in one 

sample collected from a drill core at a depth of 126 feet, but they are 

inclined at a large angle to the bedding in the sample taken at a depth 

of 180 feet. 

Optically the bassanite is seen to be biaxial with small optic axial 

angle. The acicular and prismatic crystals have parallel extinction and 

positive elongation. Indices of refraction determined with sodium light 

at 25°C. are: a = 1.55 and v = 1.57. The higher indices serve to dis- 

Fig. 2. Prismatic bassanite runs diagonally (NW-SE) across the phonograph. Intricate 

bassanite veinlets cut through gypsum on upper right corner of the photograph. Dirly, mottled 

and somewhat altered anhydrite grains are also present; one poorly radiating anhydrite is 

seen on lower right of the picture. Note the relief of bassanite, higher than gypsum but 

lower than anhydrite. From a drill core at a depth of 126 feet, X 45, Nichols not crossed. 
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tinguish the bassanite from gypsum, and the low birefringence, from 

anhydrite. The optical properties of bassanite just described are in 

essential agreement with those published by Milton (1942) and Allen 

and Kramer (1953). Chemical analysis of Oklahoma bassanite shows: 

CaO 37.24, S03 54.55, H20 7.21 (in per cent). 

The writer wishes to express his appreciation to Mr. Jerry K. Spark¬ 

man, Jr., for the drill cores that he contributed to this investigation, 

and to Mr. Robert Neal, who assisted in the photomicrographic work 

accompanying this paper. 
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Effects of a Low Temperature on Germination of 

Cotton Seeds and on Growth of the Embyro' 

by RICHARD A. POPHAM 

Ohio State University 

Recently the author decided to initiate some anatomical studies on 

roots of genetically identical cotton plants. A large number of roots of 

uniform length and age, measured from the date of seed germination, 

were required. It was soon discovered that these requirements are not 

easy to meet, partly due to the relatively small number of seeds ger¬ 

minating on any particular day (35 to 50 per cent) and partly to 

variability in the rate of root growth of embryos from those seeds 

which did germinate. The author recalled that some years earlier he 

had observed a very high per cent of germinating cotton seeds follow¬ 

ing their storage in a cold room (about 2°C.) for more than a year. 

Following this clue, a search was made of the literature relating to 

low temperature treatment of seed prior to germination. Although ex¬ 

periments have been performed in which cotton seeds and seeds of 

other plants have been subjected to low temperatures prior to and 

during germination, no data were found concerning germination per¬ 

centages for consecutive days following such treatments. 

Experiments have been made in an attempt to discover minimum, 

optimum, and maximum temperatures for seed germination and for 

subsequent seedling growth (Hector, 1936; Edwards, 1932). Ludwig 

(1932), using seed of a large number of cotton varieties, found that 

12°C. is the minimum temperature at which seed of any of the vari¬ 

eties tested would germinate. However, he noted that cotton seeds 

often remain viable for two months or more in low temperature en¬ 

vironments unfavorable to their germination. Sellschop et al. (1928) 

found that an exposure of 24 hrs. at 0.5° to 5.0°C. was fatal to 10-day 

old Delfos cotton seedlings. The same treatment did not kill 17- and 

25-day old seedlings but a 48 hr. exposure to the same temperatures 

resulted in their death. Thirty-five-day old seedlings were found to 

survive when tested at the same temperatures for longer periods of 

1 Papers from the Department of Botany and Plant Pathology, The Ohio State 

University, No. 633. The author is indebted for able technical assistance given him 

by K. K. Pandey. 
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time. He concluded that, in general, younger seedlings are more likely 

to be injured by chilling than older ones. 

The effect of alternating temperatures upon seed germination has 

also been investigated. Harrington (1923) provides a review of much 

of the older literature. The general pattern of procedure has been to 

expose seeds alternately to one temperature for a few hours and then 

to another temperature for a while during experimental periods of 

several days or months. Increases in germination percentages fre¬ 

quently result when seeds exposed to alternating temperatures are 

compared with similar lots of seeds exposed to a constant temperature. 

Morinaga (1926) stored seeds of three varieties of Berheris on moist 

filter paper in Petri dishes at0°, 5°, 10°, 15°C. and at room tempera¬ 

tures for a month then exposed some of the seeds in dishes from each 

of these environments to temperatures of 10°, 15°, and 18°C. for forty 

days. Germination percentages were recorded only at the end of the 

experimental period. In general, highest germination percentages (96 

per cent for each of two varieties) were reported for seeds pretreated 

at 5°C. Lower germination percentages were recorded for seeds pre¬ 

treated at 0°C. and very considerably lower percentages (often no 

germination) for seeds pretreated at 10°, 15°C. and at room temper¬ 

ature. 

Dry seeds first exposed to low temperatures and then placed in moist 

chambers at higher temperatures have been studied to ascertain the 

effect upon germination. Barton (1941) stored various kinds of dry 

seeds, but not cotton seed, at low temperatures for 8, 43, 150, 232, and 

372 days and then incubated them in moist chambers at higher tem¬ 

peratures for an unrecorded number of days. The greatest difference 

in germination was observed when per cent germination of untreated 

lettuce seeds (63 per cent) was compared with per cent germination 

of seeds subjected to 5°C. for 43 days (80 per cent). 

No papers were found which reported per cent germination when 

dry cotton seeds are first exposed to low temperatures then later were 

wetted and exposed to higher, near optimum temperatures. 

MATERIALS AND METHODS 

Seed of selection 8948, a self pollinated double haploid upland cotton 

of the Deltapine type was used for experimentation. This seed was 

kindly furnished by Dr. James R. Meyer, Delta Branch Experiment 

Station, Stoneville, Miss. Broken, defective, and small seeds were re¬ 

jected. Each seed was tested against hollowness by squeezing it be¬ 

tween the thumb and forefinger. Without further selection or treat- 
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ment, undelinted dry seeds were placed on trays in a walk-in refrig¬ 

erator room in which the temperature was maintained at 1°C. ±1°C. 

At the end of 24 hrs. and daily thereafter for several days seeds were 

removed from the cold room. The longer linters were removed from 

these seeds with the aid of a broad-nosed forceps. Twenty seeds were 

then placed on filter paper in each sterilized 9 cm. Petri dish. Seven¬ 

teen milliliters of distilled water were added so that each seed was 

about one-third covered with water. The Petri dishes with seeds were 

then placed in a well insulated incubator with temperature carefully 

maintained at 28°C. ±1°C. The time lapse between removal of seeds 

from the cold room and placement in the incubator was less than one- 

half hour. Seeds remained in the incubator for 5 days during which 

time germination data were recorded. Breaking of the seed coat and 

partial emergence of the hypocotyl, cotyledons, or root tip was con¬ 

sidered the sign of germination. 

Other lots of seeds were similarly treated except that they remained 

dry in Petri dishes in the incubator for 5, 10, or 15 days before water 

was added. They continued to remain in the incubator for 5 days 

following the addition of water during which time germination data 

were recorded. 

All tests were repeated three times using different starting dates. 

Some tests which were thought to be critical were repeated as many as 

eight times each even though excellent agreement was obtained among 

results of the first three experimental trials. Most germination per¬ 

centages are therefore based upon results of three experimental trials 

involving three Petri dishes each containing 20 seeds—a total of 60 

seeds but some are based upon as many as eight experimental trials 

involving 160 seeds. 

Visible growths of fungi and bacteria on seeds or seedlings were 

only rarely encountered during the experiments. 

RESULTS 

Following a perusal of the data in Table I and Fig. 1, there can be 

no doubt that low temperature treatment of cotton seed for different 

periods of time results in very considerable differences in the rate of 

germination and in differences in the final per cent of germination. 

If one is interested in maximum seed germination regardless of time, 

it would appear that treatment at 1°C. for 7 to 9 days will give the best 

results. If one wishes to obtain maximum seed germination during a 

24 hr. period, pretreatment of seed at 1°C. for 1 day will improve 

germination by about 13% by the end of the first day in the incubator; 
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Fig. 1. Graph relating per cent generation (cumulative) after seeds have been in the 

incubator at 28°C. (wet) for 1 to 5 days and number of days of pretreatment of seeds at 

1°C. (dry). 
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Table I 

Per cent of seeds germinating each day, in the incubator following low temperature 

pretreatment and the addition of water. 

Number of days 
pretreatment 
in cold room 
(dry) at 1°C. i 

Number of days in incubator (wet) at 28°C. 
2 3 4 5 

Un- 
germinated 

0 0% 50.0% 35.0% 8.3% 0% 6.7% 
1 13.3 56.6 10.0 6.6 0 13.5 

2 3.3 75.0 11.6 0 0 10.1 

3 3.3 61.6 25.0 0 0 10.1 

4 11.6 63.3 13.3 0 0 11.8 

5 0 33.3 60.0 1.6 0 5.1 

6 0 26.6 65.0 0 1.6 6.8 

7 0 30.0 66.6 1.7 1.7 0 

8 0 60.0 35.0 1.6 1.6 1.8 

9 0 45.0 53.3 0 0 1.7 

10 0 75.0 20.0 0 1.6 3.4 

11 0 60.0 31.6 3.3 1.6 3.5 

12 0 78.3 11.6 1.6 0 8.5 

13 0 76.6 18.3 1.6 0 3.5 

14 1.6 80.0 10.0 0 1.6 6.8 

15 10.0 78.3 6.6 1.6 0 3.5 

16 11.6 63.3 20.0 0 1.6 3.5 

17 10.0 50.0 21.6 0 0 18.4 

18 6.6 68.3 16.6 0 1.6 6.9 

pretreatment of seed at 1°C. for 14 days will improve germination by 

about 30% during the second 24 hr. period in the incubator; and pre¬ 

treatment of seed at 1°C. for 7 days will improve germination by about 

31% during the third 24 hr. period in the incubator. The cumulative 

total number of seeds which have germinated by the end of 1,2, 3, 4, 

or 5 days in the incubator likewise may be increased materially by 

exposing the seeds to 1°C. for an appropriate number of days. By the 

end of the second day in the incubator about 38% more seed will have 

germinated if they are first exposed to 1°C. for 15 days than if low 

temperature treatment is omitted, about 13% more by the end of the 

third day following a 9 day exposure to 1°C., and about 5% more by 

the end of the fourth day following a 7 day exposure to 1°C. Maxi¬ 

mum germination can be improved by about 7% by treating seeds for 

7 days at 1°C. Incidentally, the maximum number of seeds had ger¬ 

minated by the end of the fifth day. Germination tests were continued 

in all cases for 10 days but no seeds in any of the tests germinated after 

the fifth day. 

While rate of germination and the final per cent germination are of 
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practical significance, subsequent growth of the embryo is equally 

important. Data relating to growth of the root of the embryo by the 

end of 5 days in the incubator are summarized in Table II whereas 

similar data for the hypocotyl are presented in Table III. One may in¬ 

fer from these data that exposure of dry seed to 1°C. for different 

periods of time prior to germination results in great differences in em¬ 

bryo growth following seed germination. Whereas some low temper¬ 

ature seed treatments, e.g. 1 day at 1 °C., produce decidedly detrimental 

effects on embryo growth, others, e.g. 5 days at 1°C., result in much 

improved embryo development when compared to embryos from seeds 

receiving no low temperature treatment (Fig. 2). 

Low temperature treatments of 5 and 9 days seem to produce the 

best over-all results, as far as embryo growth is concerned (Table IV). 

Embryo growth following these treatments is not only more satis¬ 

factory than that obtained from untreated seed but it is superior to 

that obtained from seeds exposed to other low temperature treatments. 

Data in the last two columns of Tables II and III were prepared in an 

effort to quantize the illusive factor sometimes referred to as “vigor.” 

Mean and median root length values may be misleading. For instance, 

among embryos growing from seed exposed to 1°C. for 9 days, one root 

measured 140 mm. while another stopped growing when it was 8 mm. 

long. Variations of this magnitude were rarely observed. 

It is evident, when one compares data in Table II with comparable 

data in Table III, that hypocotyls have longer average lengths than 

roots of the same seedlings (Fig. 2). Hypocotyls average from 8.3% 

to 35.6% longer than roots of seedlings depending upon the low tem¬ 

perature pretreatment received by the seeds. However, the per cent 

by which average length of hypocotyls exceeds average length of roots 

is not significantly correlated with average root length. This would 

seem to suggest that average root-hypocotyl length differences are not 

primarily the result of differences in availability of foods. 

Now the question arises, how long do cotton seeds pretreated at 1°C. 

retain the beneficial effects of that treatment? In order to obtain at 

least a partial answer to this question, four lots of 100 dry seeds each 

were exposed to 1°C. for 13 days. At the end of this cold treatment, 

one lot was immediately placed in Petri dishes with water and the 

dishes were placed in the incubator at 28°C. for 5 days. Seeds of the 

remaining three lots were placed in the incubator dry for 5, 10. or 15 

days after which they were supplied water and were allowed to re¬ 

main in the incubator for 5 additional days. A second set of four lots 

of seeds were similarly treated except that they were initially exposed 
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0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 
DAYS IN COLD ROOM AT l*C. 

Fig. 2. Average root and hypocotyl length data, taken after seeds have been in the in¬ 

cubator 28°C. (wet) for 5 days, graphed as functions of the number of days of pretreatment 

of seeds at 1 °C. (dry). 
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to 1 °C. for 16 days. The results of these experiments are given in Table 

V. It can be seen that delaying the start of germination following low 

temperature treatment results in the germination of fewer seeds and 

consequently in fewer seedlings with roots and hypocotyls 30 mm. 

long or longer. The rate of germination does not appear to be con¬ 

sistently reduced or increased as the delay period preceding germina¬ 

tion is lengthened. 

DISCUSSION 

Two aspects of seed germination are important to the farmer as well 

as to the experimenter, i.e. disappearance of dormancy and speed-up 

of germination. The phenomenon of disappearance of dormancy is 

important to the farmer because it is a factor in determining the rate 

of seeding to produce a satisfactory stand and hence his seed costs. 

Disappearance of dormancy becomes an extremely important factor 

for the researcher if his supply of seed is limited. Rate of germination 

becomes particularly important to the scientific investigator if he is 

seeking a population of seedlings which are uniform in size and in age, 

measured from the time of germination. The farmer too, particularly 

the cotton farmer, may profit from rapid germination of seed. Ludwig 

(1932) has stated that “one of the most important factors in the pro¬ 

duction of a large crop of cotton is a full stand of plants early in the 

season.” One of the hazards of cotton farming is the suppression of 

seedling emergence due to crusting of the soil after planting, or to 

some concomitant factors not yet recognized. The shorter the germina¬ 

tion period, the less likely it is that crusting of the soil will delay seed¬ 

ling emergence. If seedling emergence prior to crusting of the soil can 

be expected and if simultaneous germination followed by simulta¬ 

neous emergence and rapid growth of the hypocotyls of a large per 

cent of the seedlings can be obtained, handsome savings would accrue 

to the cotton farmer. The expensive practice of planting an excess 

amount of seed to insure a large population of closely placed seedlings 

capable of exerting a force sufficient to break through a soil crust may 

be eliminated. In addition to reduced seed costs, a very substantial 

profit margin in the form of reduced labor costs for “chopping” (thin¬ 

ning) cotton will accrue. 

The longer ungerminated seed and slow-growing seedlings remain 

in the soil, particularly in a wet season, the more likely they are to rot. 

This potential loss of seed, a costly replanting operation due to obtain¬ 

ing a thin stand, and an equally costly delay in obtaining a full stand 
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could be reduced or eliminated by the institution of practices designed 

to speed germination. 

Quick germination of seed and subsequent rapid growth of seedling 

roots could, in a dry year, result in a more extensive root system and 

consequently in larger yields of cotton. 

If low temperature treatment of cotton seed would give results com¬ 

parable to those now achieved by high rates of application of “starter” 

fertilizers, dollar savings would result and in dry seasons, the threat 

of seedling death due to physiological drought would be reduced. 

Standard cotton seed germination test procedures require the use of 

rolled towels, soil, or sand as substrates and temperatures of 20° to 30° 

C. A preliminary examination of seed being tested must be made on 

about the fourth day of the test period with final germination counts 

being made on the twelfth day (Justice, 1952). Results reported in 

this paper suggest the possibility that low temperature pretreatment 

of cotton seed might prove to be a desirable modification of the cur¬ 

rently standard test. It might be found that a shorter time period could 

be recommended for the test. It is also possible that such a modification 

of the standard test would result in an increase in the number of ger¬ 

minating seeds, hence in the accuracy of the test. 

Atkinson et al. (1916) found that frosted wheat seed produced a 

greater number of heads per row and a higher yield per acre than non- 

frosted seed. Leopold et al. (1953) vernalized barley, teosinte, soy¬ 

bean, oat, and corn by first soaking seed in naphthaleneacetic acid 

solution then exposing the seed to low temperatures (3°C.) for two 

weeks. This treatment resulted in increased numbers of flower pri- 

mordia and more advanced stages of flower development at any given 

time. The authors indicated only in the case of barley that naphtha¬ 

leneacetic acid in combination with low temperature treatment, and 

not the low temperature treatment alone, was effective in producing 

vernalization. These pieces of information suggest the possibility that 

vernalization of cotton seeds might result in higher yields. 

Field tests should be conducted to ascertain whether pretreatment of 

cotton seed at low temperatures would result in a higher per cent ger¬ 

mination and more rapid growth of seedlings at below optimum grow¬ 

ing temperatures. It will be recalled that Sellschop et al. (1928) found 

that older cotton seedlings, in general, are less likely to be injured by 

chilling than younger ones. If seedlings more resistant to cold could be 

produced, farmers would be able to plant earlier or would be assured 

of better stands from plantings at the usual time. In either case they 

would probably secure greater yields (Ludwig, 1932). 
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Should low temperature treatment of cotton seed be found desirable, 

the treatment is relatively inexpensive and if necessary could be car¬ 

ried out in home freezers on the farm. If cold treatment of seeds of 

commercial varieties rapidly lose the beneficial effects acquired dur¬ 

ing treatment upon being returned to moderate temperatures as did 

our experimental variety, treatment on the farm or by local frozen 

food locker companies may be necessary in spite of the more conven¬ 

ient treatment by seed houses prior to distribution of seed to their 

dealers. 

The foregoing discussion should not be construed to mean that the 

author believes that a recommendation should now be made to cotton 

farmers to expose seed to low temperatures before planting. Much 

more laboratory research and field tests of seed of several commer¬ 

cially important varieties must precede such a possible recommenda¬ 

tion. Longer treatment periods or exposure to a different low tempera¬ 

ture might yield better results. Low temperature pretreatment of 

soaked seeds, rather than dry seeds, might give more desirable results 

or may induce the same desired physiological state more quickly. 

From a physiological point of view the experimental results re¬ 

ported here are baffling. The author can suggest no creditable explana¬ 

tion for the significant differences in germination and seedling growth 

when cotton seed is pretreated at 1 °C. The results suggest many inter¬ 

esting and fruitful lines of research for the agronomist, physiologist, 

biochemist, morphologist and anatomist. 

SUMMARY 

Seed of selection 8948, a self pollinated double haploid upland cot¬ 

ton of the Deltapine type was used for experimentation. Pretreatment 

of the dry seed at 1 °C. for different periods of time results in very con¬ 

siderable differences in the rate of germination, per cent germination, 

and subsequent growth of the embryo. Certain periods of seed treat¬ 

ment at 1 °C., when compared with no seed treatment, result in higher 

germination percentages, more rapid germination, and more rapid 

growth of seedlings. These beneficial effects of a pretreatment may be 

lost within a few days following return of the dry seed to a tempera¬ 

ture of 28 °C. The economic potentialities of low temperature pre¬ 

treatment of cotton seed are discussed. 
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Notes on the Genus Boletus in Texas 

by HARRY D. THIERS 

A. and M. College of Texas 

A study of the fleshy fungus flora of the forested portion of eastern 

Texas has been in progress since 1951 (Thiers, 1956). During this 

time more than 500 different species of agarics have been collected, 

many of which have proven to be new (Thiers 1957, 1958). A recent 

grant from the National Science Foundation has made it possible to 

enlarge the scope of this project to include all of the Gulf Coastal 

States. It is a pleasure to have this opportunity to give grateful ac¬ 

knowledgment to the National Science Foundation for this grant.1 In 

the study, attention is given to all fleshy fungi found in the area, but 

the group is so large, diverse and complex that it has become necessary 

to concentrate on smaller units. During the last year, therefore, spe¬ 

cific attention has been given to those fleshy fungi making up the 

family Boletaceae. 

The fruiting bodies of the fungi comprising this family appear 

similar to a typical mushroom except that the basidia are found in 

pores or tubes located on the ventral surface of the cap instead of on 

gills. The boletes may be distinguished from the shelf fungi, which 

also have pores, in that they are not woody or perennial. Instead, the 

carpophores or fruiting bodies of boletes are putrescent and last no 

longer than does a common toadstool. 

The family as a whole is composed of quite similar taxa and ap¬ 

pears to be a natural, relatively homogeneous unit. Fries (1821) recog¬ 

nized three genera: 

Boletus—those species with carpophores having small, square to 

round pores that are easily separable from the pileus, and with 

spores typically cylindric. 

Boletinus—those species with carpophores having large, radially 

elongate, lamelloid pores which are not separable from the pileus, 

and with spores typically cylindric. 

Strobilomyces—those species with carpophores having pores as in 

Boletus, but with black, spherical, warty spores and a conspicu¬ 

ously scaly pileus and stipe. 

1 National Science Foundation Grant No. G-5845. 
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Since the publication of Fries’ work, the genera Boletinus and Stro- 

bilomyces, both much smaller genera than Boletus, have remained 

relatively intact. However, because of considerable variation in 

spore color in mass, tube mouth color, nature of the surface of the 

pileus, presence or absence of clamp connections, etc., the genus Bo¬ 

letus has been broken down into a number of smaller, so-called “more 

natural,” genera. As would be expected, numerous dispositions of the 

many species have been proposed, but no one plan has received general 

acceptance. One major exception to the trend of generic dismember¬ 

ment must be noted. Several Frehen workers have reverted to ultra¬ 

conservatism and have placed all species of the family in the single 

genus Boletus. This paper will revert to the Friesian system of recog¬ 

nizing only three genera in the family. 

Boletes are generally found only in wooded areas, and are one of 

the more common mycorrhizal associates with such common and 

widespread forest trees as oaks, beech, and pine. A high degree of 

specialization has been attained by several species in that they enter 

into mycorrhizal associations only with a single species or, at most, 

only closely related species. None, so far as is known, is parasitic on 

higher plants. Most species are terrestrial, although a few have been 

found on dead stumps and logs. 

To date, approximately sixty-five species have been found in the 

state of Texas, fifty of which have been positively determined. This 

number compares very favorably with the flora as it is known from 

other regions. In Michigan, for example, approximately seventy spe¬ 

cies have been found; in North Carolina (Coker and Beers, 1943) ap¬ 

proximately seventy species and varieties have been reported, and in 

Florida (Singer, 1945-1947) at least sixty-five species are known. A 

study of the western portion of Texas, especially of the mountainous 

regions, would, in all probability, increase the total number of species 

considerably. Since the forest flora of that region is more typical of the 

western part of the United States, its bolete flora probably has western 

affinities. 

A matter which created considerable interest in the study of the 

boletes in the eastern portion of the state was a tremendous “burst” of 

fruiting that occurred during the latter part of September and the 

month of October, 1958. To give some indication of the magnitude of 

this fruiting, it should be first pointed out that only fifteen species 

had been collected during the period of 1950 to 1957. During the 1958 

period of less than six weeks, approximately fifty additional species 

were collected and most of the species found previously were also 

collected. Not only was there a great variety of species present during 



316 THE TEXAS JOURNAL OF SCIENCE 

this period but also the fruiting bodies were very abundant and were 

readily noticeable while driving along the highways. During this time 

particular attention was paid to the flora of an area near Livingston 

and another near Richards. Some species appeared exclusively under 

pines, namely Boletinus decipiens, Boletus umericanus, and Boletus 

subluteus, but hardwoods, particularly oaks and beeches, supported a 

larger and more varied flora. Up to thirty-five different species were 

collected in a single day. In all probability the most important factor 

in this phenomenon was the climatic conditions which prevailed dur¬ 

ing the period. There was a prolonged period of high humidity, often 

light rain and mild temperatures. It must be pointed out, however, 

that it would be fallacious to hold that this “burst” of fruiting was due 

entirely to weather conditions, because this type of weather is not un¬ 

usual during the fall. A similar wet, humid period occurred during 

the previous year. It is obvious that other factors, perhaps at present 

unknown or not fully understood, are involved in carpophore forma¬ 

tion. 

Another interesting feature of this “burst” of fruiting was the rela¬ 

tive abundance of so-called rare species. A list of such species would 

most certainly include Boletus ananas, B. russellii, B. ravenelli, B. 

hemichrysus, and B. subflavidus. Boletus ananas, for example, was 

found only twice by the author in the summer of 1958 while collecting 

in Florida. Yet, during the “burst” of fruiting, carpophores were 

numerous at the Stubblefield Lake Recreation Area in Sam Houston 

National Forest near Richards. Thirty fruiting bodies of this species 

were found in an area covering less than 80 x 100 feet. Boletus hemi¬ 

chrysus is rare throughout the United States; yet, two collections were 

made within one week in an area near Livingston. In a roadside park, 

also near Livingston, carpophores of Boletus ravenelii were very 

abundant, whereas in Florida only one carpophore was found during 

the entire summer. It is also only rarely collected in Michigan. Similar 

accounts could be given for all the species mentioned above, and un¬ 

doubtedly for other species as well. 

No attempt will be made here to give descriptions of new species, 

although indications are that there will be a relatively large number. 

As now identified, the boletes collected in this study are: 

Boletinus 

B. decipiens Peck 

Boletus 

Viscipelles—boletes with viscid or slimy caps 

B. americanus Peck 



NOTES ON THE GENUS BOLETUS IN TEXAS 317 

B. brevipes Peck 

B. granulatus Fries 

B. hirtellus Peck 

B. punctipes Peck 

B. subaureus Peck 

B. subluteus Peck 

Pub erulenti—bright yellow boletes with a powdery veil 

B. hemichrysus Beck. & Curt. 

B. ravenelii Berk. & Curt. 

Subpruinosi—boletes with smooth stipes, adnat to decurrent tubes 

and smooth caps 

B. auriporus Berk. 

B. bicolor Peck 

B. hypoxanthus Singer 

B. miniato-olivaceus Frost 

B. pallidus Frost 

B. rugosiceps Peck 

B. silvaticus Thiers 

B. stramineus Murr. 

B. subglabripes Peck 

Subtomentosi—boletes as in preceding section but with a hairy or 

tomentose cap 

B. f rat emus Peck 

B. pulverulentus Opat. 

B. roseibrunneus Thiers 

B. rubellus Krombh. spp. dumetorum Sing. 

B. rubellus Krombh. spp. bicoloroides Sing. 

B. subtomentosus Fries 

Laceripedes—boletes with lacunose or lacerated stipes 

B. russellii Frost 

B. subflavidus Murr. 

Calopodes—boletes with reticulate stipes and adnate tubes 

B. illudens Peck 

B. griseus Frost 

B. peckii Frost 

Edules—boletes as above but with free tubes 

B. affinis Peck 

B. affinis var. maculosus Peck 

B. variipes Peck 

Versipelles—boletes with scabrous stipes, free tubes which are white 

at first 

B. scaber Fries 
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B. scaber var. niveus Peck 

Squamosi—boletes with a very scaly pileus and smooth stipe 

B. ananas Curt. 

Hyporhodii—boletes with flesh-colored tubes and spores 

B. alboater Schw. 

B. felleus Fries 

B. plumbeoviolaceus Snell 

Cariosi-—boletes with hollow or spongy stipes 

B. castaneus Fries 

B. subalbellus (Murr.) Snell 

Favosi—boletes with whitish tubes which blacken upon bruising 

B. ballouii Peck 

B. fumosipes Peck 

B. peralbidus Snell 

B. sordidus Frost 

B. subsanguineus Peck 

Luridi—boletes with tube mouths colored differently from remain¬ 

der of tube 

B. frostii Russell 

B. frostii var. floridanus Singer 

B. parvus Peck 

Strobilomyces 

S. floe copus (Fries) Karst. 

In the genera Strobilomyces and Boletinus, only one species of 

each has been found in Texas. This small number is not surprising 

in either case. Until recently there was only one species of Strobilo¬ 

myces known in the United States. Although there are more species 

of Boletinus than Strobilomyces, this genus is characteristically a more 

northern one and is not common anywhere in the south. Boletinus 

decipiens is the only species known in this area. A good estimate is 

that there are not more than one or two additional species of this genus 

occurring in the state. 

Although there is, perhaps, insufficient information to warrant a 

worthwhile comparison with the bolete flora as reported from other 

regions of the United States, the Texas flora is well enough known to 

give an indication of its affinities. Coker has reported approximately 

seventy species from North Carolina. At present, thirty-three of these 

same species have been found in Texas. No species known only from 

No rth Carolina has yet been found in Texas. 

In comparison with the bolete flora of Florida as reported by Singer, 
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a much closer relationship seems apparent. Of the approximately 

sixty-five species reported, thirty-seven have been found in Texas. 

What is perhaps more significant is that at least three species previ¬ 

ously reported only from Florida, Boletus suhflavidus, B. stramineus, 

and B. hypoxanthus, have not been found in Texas. Undoubtedly, 

other examples of this close relationship will be found as the study 

continues. 

When the Texas flora is compared with a more temperate flora 

such as that found in Michigan, a considerable difference in the num¬ 

ber of the same species occurring in both places is noted. Of an ap¬ 

proximate total of seventy species, thirty occur in both places and 

forty-three occur in Michigan but not in Texas. This difference be¬ 

comes more significant when it is noted that twenty of the thirty 

species occurring in both places must be considered cosmopolitan in 

distribution and have been reported from all four of the places men¬ 

tioned. Thus it appears that the flora of this portion of the state is most 

closely related to that of Florida, and is probably similar to that of the 

other Gulf Coast States. This is as would be expected because of the 

similarities in phanerogamic vegetation, climate, etc. 
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The Green Jay (Cyanocorax yncas) in 

Kenedy County, Texas 

by RICHARD F. JOHNSTON 

University of Kansas 

On December 7, 1958, my attention was drawn to four birds giving 

series of alarm notes characteristic of the Green Jay; this was at a 

roadside picnic station on U.S. Highway 77 five miles south of Arm¬ 

strong, Kenedy County, Texas. Two of the birds calling were actually 

Mockingbirds (Mimus polyglottos), but the other two were Green 

Jays, one of which I took as a specimen. The bird was an adult female 

in good physical condition and is now in the collection at the Museum 

of Natural History, University of Kansas (KU36706); it is referable 

to the subspecies C. y. luxosa. 

The locality seems to be the farthest northeast the Green Jay has 

thus far been recorded. Simply of itself the record is of minor signifi¬ 

cance, but there is indication that the occurrence has basic distribu¬ 

tional meaning. First, there were two jays involved, and at least one 

was an adult. Second, the mockingbirds were giving excellent “imita¬ 

tions” of the jay alarm chatter, suggesting that the jays had been in 

the vicinity of the mockers for more than the length of time wandering 

or vagrant birds might spend in one spot. Third, the vegetational con¬ 

figuration strongly resembled that found in the lower Rio Grande 

Valley of Cameron and Hidalgo counties, where the jays occur regu¬ 

larly and in abundance. The dominant plant was a massive live oak 

('Quercus virginiana), festooned with Spanish moss and covering a 

relatively thick but broken understory vegetation. The floral com¬ 

position was by no means as diversified as that characteristic of natural 

vegetation along the lower Rio Grande, but the essential ecologic 

resemblance was marked. 

The locality is actually only some 50 miles from the valley, and 

occurrence of the jays is not unseemly on that basis. In its entirety the 

situation suggests that the Green Jay regularly inhabits such vegeta¬ 

tional associations outside the lower valley, probably withdrawing 

periodically to the valley under conditions of drought. 
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Blenniid Fishes of the Genus Chasmodes1 

by VICTOR G. SPRINGER 

Florida State Board of Conservation Marine Laboratory 

St. Petersburg, Florida 

INTRODUCTION 

It is the purpose of this study to review the genus Chasmodes and 

to discuss the zoogeographical implications of its distribution. This 

genus was chosen because there existed concurrently an abundance 

of material and a difficulty in the certainty of identification of any 

individual specimen. 

The genus Chasmodes is known only from the Atlantic and Gulf 

of Mexico coasts of the United States. Most eastern Pacific records 

{ie. Chasmodes jenkinsi) are referable to the genus Hypsoblennius 

(see Key below). Information supplied me on the holotype, and only 

known specimen, of Chasmodes maculipinna Regan (1903. Rio Du¬ 

rango, N. W. Ecuador) suggests that this species also belongs in Hyp¬ 

soblennius. It has 14 pectoral rays, 13 segmented caudal rays (9 

branched, 4 simple), a very concave interorbital region, and a notch 

between the spinous and soft portions of the dorsal. 

Examination of a para type of Chasmodes herklotsi Herre (1935. 

Hong Kong) indicated to me the probability that this species belongs 

in another blenniid genus quite different from any so far described. 

It has two pelvic rays, 13 pectoral rays, 13 unbranched, segmented 

caudal rays, a high fleshy crest in the predorsal area, and broadly 

expanded flaps on the posterior mandible which extend across the 

posterior floor of the mouth. None of these characters apply to Chas¬ 

modes (description below). The nature of the teeth and the greatly 

restricted gill opening (a small slit above the pectoral base) indicate 

its possible relationship with Chasmodes. I feel that it is premature 

to create a new generic name for the species until the limits of the 

numerous blenniid genera are more fully known. 

The fishes of the genus Chasmodes are restricted to the slightly 

brackish and shallow waters of bays and sounds. Salinities at which 

specimens are found usually range above 20%c although some collec- 

1 Contribution No. —. Florida State Board of Conservation Marine Laboratory. 

321 



322 THE TEXAS JOURNAL OF SCIENCE 

tions of C. saburrae have been made in salinities as low as 5.5%c. The 

species may be found in grassy areas where there is an abundance of 

sand and some shell, or they may be found where the bottom is muddy 

or there are oyster reefs present. 

Tavolga (1958) who has studied the sounds produced by one species 

(C. saburrae rather than C. bosquianus which he lists) suggested that 

the species prefer turbid waters, but I have found them in compara¬ 

tively clear water in the Miami area. 

ACKNOWLEDMENTS 
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METHODS 

Measurements were made with a pair of needlepoint dividers which 

were measured off on a ruler graduated in millimeters. Measurements 

were estimated to the nearest .1 mm. Standard length is that distance 

from the tip of the snout to the middle of the posterior margin of the 

hypural vertebra taken externally. Maxillary length is that distance 

from the tip of the snout to the most posterior point on the maxillary. 

Caution must be used in finding this latter point as the maxillary is 

covered by the integument of the cheek; it must be probed for in many 

specimens. All the teeth in the mandible were counted including those 

reduced ones posteriorly on either side of the jaws and those which 

in rare instances appeared behind the main outer row. 

The following abbreviations have been used: ANSP—Academy of 

Natural Sciences of Philadelphia; CNHM—Chicago Natural History 

Museum; TU—Tulane University; UMML—University of Miami 

Marine Laboratory; UMMZ—University of Michigan Museum of : 

Zoology; USFW—United States Fish and Wildlife Service, Bruns- ] 

wick, Georgia; USNM—United States National Museum; VGS— 

Florida State Board of Conservation Marine Laboratory. 

Key to the Genera of Western Atlantic Blenniidae 

A. Branchiostegal membranes not fused with body, but forming a well- 

developed free margin across the breast under which a probe may be 

inserted .. D 1 
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AA. Branchiostegal membranes fused with body; at most a slight indica¬ 

tion of a fold across the breast under which a probe cannot be inserted. B 

B. Pectoral rays usually 12; interorbital region flat; anterior lateral line 

pores in a series, not paired dorsally and ventrally; no canines pos¬ 

teriorly in jaws .Chasmodes 

BB. Pectoral rays usually 14; interorbital region concave (sphenotics 

raised); anterior lateral line pores in a series, paired dorsally and 

ventrally; canines present or absent posteriorly in jaws . C 

C. No canines posteriorly in either jaw.Hypsoblennius 

CC. Canines present posteriorly in one or both jaws.Hypleurochilus 

D. Teeth very fine and close set, freely movable in groups as would be a 

membrane ....-.-..:...... E 

DD. Teeth well-developed and firmly set; individual teeth movable with 

some pressure, but not whole series. Blennius 

E. Teeth present on vomer; pectoral rays usually 14; dorsal fin notched 

to, or almost to, base between spinous and soft portions .Entomacrodus 

EE. Teeth not present on vomer; pectoral rays usually 15; dorsal fin not 

notched .Ophioblennius 

In the above key I follow Norman’s (1943) synonymies with the 

exception that I consider the Atlantic forms which he ascribed to 

Ophioblennius to be the larval stages of Entomacrodus and Scartich¬ 

thys. Entomacrodus is a valid genus, but Ophioblennius has priority 

over Scartichthys as a generic name for the only Atlantic species of 

Scartichthys, S. atlanticus. The ophioblennius larval stage is charac¬ 

terized by the presence of canines anteriorly in the mid-line of the jaws. 

These drop out as the individual approaches the adult stage. 

Norman’s genus Blennius is most probably composed of several 

genera worthy of recognition. It will require, however, a monograph 

of all the forms falling into Blennius in order to determine their correct 

generic dispositions. 

Chasmodes Valenciennes 

Chasmodes Valenciennes (in Cuvier and Valenciennes) , 1836, v. 11: 

295 (type Blennius bosquianus Lacepede). 

Blennitrachus Swainson. 1839, v. 2: 78, 274 (type Pholis quadrifas- 

ciatus Wood). 

Dorsal X to XII, 16-20 (usually XI, 18 or 19), the spines flexible; 

anal II (rarely III), 17-20 (usually 18 or 19); pectorals 11-13 (usu¬ 

ally 12); ventrals I, 3; caudal 11 (rarely 10). All rays except most of 

the caudal ones are unbranched. 

Teeth in jaws in a single close-set row (rarely one or two enlarged 

teeth anteriorly behind the row of teeth in the lower jaw. These could 

conceivably be used as the basis for a generic description if only one 

specimen were examined). Teeth restricted to anterior portions of 
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jaws; number of teeth increases with standard length (Table 1). No 

teeth on vomer or palatines- 

Branchiostegal membranes fused with body resulting in a restricted 

gill opening which extends at most from the upper level of the opercle 

ventrally as far as the ventral level of the pectoral base. 

CLASS POPULAT1 ON 

Table 1. 

TABLE 1 

NUMBER OF MANDIBULAR TEETH 

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 4? 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 

A 1 - 2 
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-------------------1 
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------------- 1 2- 1 i 2 1 
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— - -- -- -- -1-321 

------------------132111 
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43.8-47.7 Q 
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-------- 1 ---222 

------------12----1 
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E 
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-------------3-III-1 
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'f 
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------------------ - ----------1 1 42-1 1--1 

63.8-67.7 ° 

B 
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B 
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E 
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B . Cnasuooes sabubrae. Escambia .ho Sant* Rosa Count)es, Florida 
C ■ Chasmoocs saburrac, Whitewater Bat, Monroe County, Florida 
D a ChASMODEO 80SQUI ANUS, Texa* 
E a Chasmoocs bosou1 anus, Maaiwclano, St. Johns County, Florioa 
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Soft dorsal slightly higher than spinous portion, attached to caudal 

base. First two anal spines of adult males bearing rugose fleshy knobs 

(in males with three anal spines all three bear the knobs). First anal 

spine in adult females obscured by the genital papilla. Anal free from 

caudal base. Dorsal not notched between spines and rays. 

Small, simple cirri present on tube of anterior nostril and above eye. 

The supraorbital cirri decrease in size with increase in standard length 

and are usually absent in adults. 

Lateral line pores in a longitudinal series, not paired vertically, ex¬ 

tending from upper level of opercle posteriorly in an arc to above 

posterior tip of pectoral. Sometimes a few posteriorly placed pores on 

midline of body. 

Maxillary length increasing in proportionate size with increase in 

the standard length. Differences between the sexes, with regard to 

maxillary length, are demonstrable consistently only in the largest 

specimens, in which the male has only a slightly larger maxillary than 

the female. 

Coloration similar for both species, varying from a pattern of light 

longitudinal lines on a dark background to a varied mottling, some¬ 

times giving the effect of irregular bands. Head with small spots 

dorsally and laterally. For pictures of the color pattern see Tavolga 

(loc. cit.). Dorsal fin with an iridescent blue spot or band anteriorly 

in males (turning black in alcohol); mottled in females. Fins uni¬ 

formly dusky in male; spotted in female. In life the colors vary from 

light brown to dark olive green with light to deep orange suffusing 

the branchiostegal area. 

These characters apply to both species of Chasmodes with equal 

validity with regard to range and modes of counts. 

Chasmodes is believed to be most closely related to Hypsoblennius, 

from which it is distinguished in the key. 

Because of their close (sibling) relationship it would be difficult to 

present a key to the two species of Chasmodes. The best key character 

is difficult to describe (or figure) adequately, but when one has speci¬ 

mens of both species for comparison it is readily discerned. I have 

demonstrated the character to several colleagues with easy success. 

The character under discussion refers to the nature of the teeth in the 

lower jaw (Figure 1). In C. hosquianus the teeth are slender, quite 

pointed, and usually strongly recurved. In C. saburrae the teeth are 

robust, bluntly rounded, and only slightly or not at all recurved. The 

two species are usually easily separated by plotting maxillary length 

of specimens against standard length (Figure 2). This character was 
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checked on all specimens examined and the only population of Chas- 

modes found to overlap to any extent with populations of the other 

species was the Marineland population of C. bosquianus. Most of the 

specimens examined from Marineland, however, did not fall on the 

curve indicated for the C. saburrae populations. The symbol for Es- 

Fig. 1. A-—-Lateral view of a tooth taken from the middle of the right mandible of a male 

specimen of Chasmodes bosquianus, 68.6 mm., from Matagorda Bay, Texas. B—Lateral 

view of a tooth taken from the middle of the right mandible of a male specimen of Chas¬ 

modes saburrae, 64.0 mm., from Miami, Florida. 

>- 
CC 
< 

5 

STANDARD LENGTH MM. 

Fig. 2. 
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cambia County (Figure 2) also includes measurements from speci¬ 

mens from Santa Rosa County. 

Another valuable character, but one showing more overlap than 

the previous one, is that of the number of mandibular teeth grouped 

by standard length intervals (Table 1). There is very little overlap in 

any size group in most of the populations. The major exceptions are a 

few of the larger specimens of C. scthurrae from Whitewater Bay, 

Monroe County, Florida. This population occurs in a habitat of lower 

salinity (5.5%c) than any other known for this species. The White- 

water Bay population is bounded both north and south by populations 

of C. saburrae which do not overlap with C. bosquianus in the number 

of mandibular teeth. 

Other proportional and meristic characters were found to be of 

little use in separating the two species. 

Although data are not given on all the populations of each species 

studied it was found for C. saburrae that only the Whitewater Bay 

population was divergent, and for C. bosquianus only the Marineland 

population showed differences in the Atlantic seaboard continuum and 

no population showed significant differences in the Gulf coast con¬ 

tinuum. 

It is interesting to note that the population of C. bosquianus from 

Texas is the most consistently divergent one of those studied. The 

nature of the variation found in the Texas population is constant in all 

C. bosquianus specimens examined from the Gulf of Mexico. In simi¬ 

lar fashion all specimens of C. bosquianus from the Atlantic seaboard 

vary in the same manner as the Virginia population with the excep¬ 

tion of the Marineland, Florida population which is the southernmost 

known of this species on the Atlantic coast. 

The figures of the species presented (Figure 3) are examples of 

large specimens and they show the nature of the differences as found in 

most specimens. Large specimens are all easily separated at a glance,, 

but verification should be made using the characters discussed above. 

As discussed below (Zoogeography) the two species are allopatric 

throughout most of their ranges. In the area where sympatry is known 

to occur the two species are represented by two populations not over¬ 

lapping in any of the characters discussed. 

Chasmodes bosquianus (Lacepede) 

(Figure 3A) 

Blennius bosquianus Lacepede, 1800: 493 (South Carolina). 

Pholis novemlineatus Wood, 1825: 280 (Charlestown, South Caro¬ 

lina) . 
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Pholis quadrifasciatus Wood, 1825: 282 (Locality not stated). 

The characters of the type of P. novemlineatus agree well with those 
of C. bosquianus. The specimen is on deposit at the Academy of Natu¬ 
ral Sciences of Philadelphia. The type of P. quadrifasciatus cannot be 
located, but Wood’s illustration and description leave no doubt in my 
mind that this is C. bosquianus. The appearance in Wood’s figure of 
what might be interpreted as an enlarged posterior canine in the upper 

jaw is probably the ventral protuberance of the posterior end of the 
premaxillary which is prominent in C. bosquianus. 

Material. Marineland, St. Johns County, Florida (49) VGS 59- 
28A-E; Georgia (2) USNM 91976, 127459, Brunswick (7) USFW; 

South Carolina (1) USNM 26000; Beaufort, North Carolina (10) 
USNM 116661; Virginia (1) USNM 91151, Lewisetta (28) USNM 
91147, 91148, Lower York Biver (4) USNM 91141, 116660, Cape 

Charles (1) USNM 91154, Norfolk (4) USNM 91146, below York- 
town (10) USNM 156651; Maryland: Solomons (20) USNM 91140, 
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91150, Annapolis (6) USNM 91138, Blochiston (1) USNM 67878, 

Chesapeake Bay (1) USNM 116659, St. Mary’s County (1) USNM 

26426, Plumb Pt. (1) USNM 74895, Governors Island (4) USNM 

23476, Trappe (1) CNHM 57732; Ocean City, New Jersey (1) 

UMMZ 109932; Pensacola, Escambia County, Florida (3) CNHM 

50743, VGS 59-28F, Santa Rosa County, Florida (1) UMMZ 139186; 

Ft. Morgan, Alabama (1) USNM 5721; Mississippi: Ocean Springs 

(1) CNHM 62465, Deer Island (2) USNM 121994, Three Mile Bayou 

(1) USNM 72333; Fouisiana: one mile south of Wine Island (1) 

USNM 131278, Chauvin (1) USNM 162591, Fake Poinchartrain (2) 

TU 11908; Texas: Corpus Christ! (11) CNHM 40311, USNM 46314, 

156556, 156577, 156657, 156611, Harbor Island (18) CNHM 62464, 

USNM 156610, Rockport (3) UMMZ 111743, Matagorda Bay (3) 

USNM 69338, Kellers Bay (1) UMMZ 112925, Favaca Bay (63) 

UMMZ 114470, 114474, 145880, 145882, 145892, 145897, 145923, 

145944, 145949, 145956, 145961, 145976, 145982, 170295, Palacios 

(14) UMMZ 145885, 145914, 145969, Palacios Bay (3) UMMZ 

145934. 

Chasmodes saburrae Jordan and Gilbert 

(Figure 3B) 

Chasmodes saburrae Jordan and Gilbert. 1883: 298 (Pensacola, 

Florida) 

Blennius fabbri Nichols, 1910: 161 (Miami, Florida). 

Nichols (1911) believed his type of Blennius fabbri was a young 

damaged specimen of C. saburrae. Proxy examination of the holotype 

indicated that the specimen was a small damaged specimen of Chas¬ 

modes, but little else. The type locality, however, is in the exclusive 

range of C. saburrae. In any event the name would be a junior syno¬ 

nym of either C. saburrae or bosquianus. 

Jordan and Gilbert (loc. cit.) did not designate a holotype from the 

group of specimens described from Pensacola. Nine specimens are 

contained in the jar catalogued as cotypes at USNM (#30824). Jordan 

and Evermann (1898, 1900) list the “type” as USNM 30824 and give 

a drawing of this type. Dr. E. A. Lachner, who called the discrepancy 

to my attention, informed my that one specimen in this lot still bears 

the metal tag “drawn.” I have elected to assume that Jordan and 

Evermann selected a lectotype, and reaffirm their selection. This lecto- 

type bears the original number; the other specimens originally in¬ 

cluded under this catalogue number are now USNM 177944. 

Jordan and Gilbert indicated that they had 14 specimens (five more 
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than are now at USNM). Bohlke (1953) listed 12 paratypes at Stan¬ 

ford. These and the nine at USNM total more than the original de¬ 

scription allows. I have no explanation for the discrepancy. 

Material. Florida: Oak Hill, Volusia County (5) VGS 59-28G, 

Mosquito Lagoon, Brevard County (1) USNM 62687, Titusville, Bre¬ 

vard County (1) UMML 49:457, Banana Biver, Cocoa, Brevard 

County (2) UMML 49:958, Indian River 13 miles south of Melbourne, 

Brevard County (5) UMMZ 139366, Haulover Canal, Allen Hurst, 

Brevard County (1) UMMZ 111825, Matheson Hammock, Miami, 

Dade County (1) VGS 59-28L, Whitewater Bay, Monroe County 

(28) UMML 417L 4541, Lemmon Bay, Charlotte County (1) UMMZ 

113268, Englewood, Sarasota County (6) CNHM 50554, 50555, Sara¬ 

sota Bay, Sarasota County (12) VGS 58-259, 58-260, 58-261, Tam¬ 

pa Bay, Pinellas County (30) ANSP 86332, Old Tampa Bay, Pinellas 

County (80) CNHM 62463, VGS 57-550, Cedar Key, Levy County 

(23) CNHM 62461, 62462, VGS 59-28M, 59-28N, 59-28P, Alligator 

Harbor, Franklin County (44) VGS 59-28H, Pensacola, Escambia 

County (35) USNM 31934, 44871, VGS 59-291, 59-28J, Santa Rosa 

Sound, Santa Rosa County (8) UMMZ 139187; Cat Island, Mississippi 

(1) CNHM 46657. 

ZOOGEOGRAPHY 

Chasmodes hosquianus is an example of a “disjunct species.” That 

is, there are two allopatric populations separated by a geographic gap 

where the species is not found. One continuum of C. bosquianus occurs 

from northeastern Florida (Marineland) to New York, but is rarely 

found north of Maryland. The other continuum occurs from north¬ 

western Florida (Pensacola) through Texas. The explanation of the 

phenomenon of disjunction in Gulf of Mexico and Atlantic species has 

been discussed in detail by Hedgpeth (1953) who cited invertebrate 

examples and also by Ginsburg (1952) who used fishes. The explana¬ 

tion of disjunction is as follows. The distribution of the particular 

species was continuous around the southern coast of the United States 

during early Pleistocene when Florida was submerged. As the glaciers 

began building again in later Pleistocene, Florida gradually rose. In 

the process the species was unable to exist around southernmost Florida 

which has a tropical marine environment as opposed to the more 

temperate environments of the state’s northern coasts. In the case of at 

least certain fishes (Menticirrhus saxatilis, Centropristes striatus) 

divergence has occurred and what were formerly considered to be dis¬ 

junct populations have been shown to be sibling species (Menticirrhus 

l 
; 
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focaliger, Centropristes melanus, Gulf of Mexico sibs of the two species 

mentioned above). 

The distribution of Chasmodes saburrae is particularly interesting 

in that it fills the gap in the distribution between the two continuua of 

C. bosquianus. I have found no overlap in the distributions of the two 

species on the Atlantic coast. The break between the two species occurs 

somewhere between Volusia and St. Johns counties. Matansas Inlet, 

St. Johns County has often been cited as the breaking point in the dis¬ 

tribution of two related species (Fundulus heteroclitus and F. grandis, 

Fundulus majalis and F. similis). It is possible that this locality serves 

to limit the two species of Chasmodes. 

On the Gulf coast a few specimens of C. bosquianus have been taken 

as far east as Pensacola (one collection contained several C. saburrae 

and one small C. bosquianus. Chasmodes saburrae, on the other hand, 

is abundant about Pensacola, but only one specimen has been taken 

west of Florida: Cat Island Mississippi. 

To my knowledge Chasmodes is the only instance of a genus on the 

Atlantic coast of the United States which has two disjunct populations 

of one species separated by a closely related species which is not found 

outside the area of disjunction (Figure 4). 

I believe that the explanation of this phenomenon is found in the 

geologic history of Florida. Although the geologic maps presented here 

(Figure 5A and 5B) are considered partly hypothetical, the distribu¬ 

tion and speciation of Chasmodes would tend to give grounds for their 

acceptance. 

I believe that during Pliocene there was but one species of Chas¬ 

modes. The distribution of this species was essentially the same as the 

generic distribution is today. At the close of the Pliocene much of what 

was comparable to Florida was inundated, but a number of islands 

(high spots) were left off the coast. During early Pleistocene the dis¬ 

tribution of the single species of Chasmodes was along the Sunderland 

shoreline and around the offshore islands. The expanse of open water 

would have acted as a barrier to gene dispersal allowing the mainland 

and island population (s) to diverge and reach specific level by late 

Pleistocene or early Recent, when the offshore islands were again 

joined with the mainland. Once the land was united the island en¬ 

demic, C. saburrae, has been excluding the mainland endemic, C. 

bosquianus. The disjunct populations of the latter species began diverg¬ 

ing at the time C. saburrae invaded the mainland, but it has not pro¬ 

ceeded to the specific level. It seems probable that the widely dis¬ 

tributed mainland species of the Pliocene was the same species as the 

disjunct species of today, C. bosquianus. 
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SUMMARY 

A review of the genus Chasmodes indicates the presence of two sib¬ 

ling species: C. bosquianus and C. saburrae. The former species is rep¬ 

resented by two disjunct populations occurring on the Atlantic coast 

of the United States from Marineland, Florida north to New York, and 

on the Gulf of Mexico coast from Pensacola west to southern Texas. 

Fig. 4. Distribution of the genus Chasmodes. 
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The area of coastline between these two populations is occupied by the 

later species whose distribution occurs from Mississippi east around 

the southern coast of Florida up to a point south of Marineland, prob¬ 

ably Matansas Inlet. Geological factors affecting speciation and dis¬ 

tribution of the two species are discussed. 

LITERATURE CITED 

Bohlke, J., 1953—A catalogue of the type specimens of recent fishes in the Natural 
History Museum of Stanford University. Stanford lchth. Bull., 5: 1-168. 

Cooke, C. W., 1939—Scenery of Florida interpreted by a geologist. State of Fla. 
Geol.Bull., 17: 1-118. 

-, 1945—Geology of Florida. Ibid., 29: 1-339, maps. 

Cuvier, G.L.C.F.D. and A. Valenciennes, 1836—Histoire naturelle des poissons. 
Paris, 11: 1-506. 

Ginsburg, I., 1952—Eight new fishes from the Gulf coast of the United States, with 
two new genera and notes on geographic distribution. /. Wash. Acad. Sci., 42: 
84-101. 

Hedgpeth, J. W., 1953—An introduction to the zoogeography of the northwestern 
Gulf of Mexico with reference to the invertebrate fauna. Univ. Texas, Pub. 
Inst. Mar. Sci., 3 (1): 111-224. 

Herre, A.W.C.T., 1935—Notes on fishes in the zoological museum of Stanford 
University VI. New and rare Hong Kong Fishes obtained in 1934. Hong Kong 
Nat., 6: 285-293. 

Jordan, D. S. and B. W. Evermann, 1898—The fishes of north and middle America. 
Bull. U. S. Nat. Mus., 47 (3): 2183-3136. 

-, 1900—Ibid. (4): 3137-3313, 192 pis. 

Jordan, D. S. and C. H. Gilbert, 1883—Notes on fishes observed about Pensacola, 
Florida, and Galveston, Texas, with description of new species. Proc. U.S. Nat. 
Mus., 5: 241-307. 

Lacepede, B. G., 1800—Histoire naturelle des poissons. Paris, 2: (complete refer¬ 
ence not seen). 

Nichols, J. T., 1910—On two new blennies from Florida. Bull. Amer. Mus. Nat. 
Hist., 28: 161. 

-, 1911—Notes on teleostean fishes from the eastern United States. Ibid., 
30: 275-278. 

Norman, J. R., 1943—Notes on the blennioid fishes. Ann. Mag. Nat. Hist., ser. 11 
(10): 793-812. 

Regan, C. T., 1903—Descriptions of new South-American fishes in the collection of 
the British Museum. Ibid., ser. 7 (12): 621-630. 

Swainson, W., 1839—The natural history and classification of fishes, amphibians 
and reptiles, or monocardian animals. London, 2: 1-452. 

Tavolga, W. N., 1958—Underwater sounds produced by males of the blenniid fish 
Chasmodes bosquianus. Ecology, 39: 759-760. 

Wood, W. W., 1825—Descriptions of four new species of the Linnaean genus 
Blennius, and a new Exocetus. J. Acad. Nat. Sci. Philad., n.s. 4: 278-284 and 
pi. 17. 



Hybridization of Bufo valliceps with 

Bufo americanus and Bufo terrestris1 

by E. PETER VOLPE 

Newcomb College of Tulane University 

Laboratory studies on hybridization in anurans have been fruitful 

in revealing the extent to which interspecific gene exchange is pos¬ 

sible and in substantiating or clarifying systematic relationships. 

Previous investigations (Thornton, 1955; Volpe, 1956) have demon¬ 

strated that the gametes of Bufo valliceps (Gulf Coast toad) interact 

with those of B. fowleri (Fowler’s toad) and B. woodhousei (Wood- 

house’s toad) in a strikingly similar manner. hybrids from the 

experimental cross, B. valliceps $ X B. fowleri S (or B. woodhousei 

$ ) die in an early stage of embryonic development. The majority of 

the reciprocal hybrids are viable, but all are sterile males. These sterile 

hybrids possess cranial crests characteristic of the valliceps parent, a 

modified form of dorsal spotting inherited from the fowleri (or wood¬ 

housei) parent, and a unique reticulated pattern of pigment on the 

ventral surface that is not found in either parental species (Volpe, 

1956, Fig. 11). 

The limited amount of gene exchange possible between B. valliceps 

and B. fowleri or B. woodhousei provides support for the generally 

accepted thesis that B. valliceps belongs to an entirely different phylo¬ 

genetic series. Moreover, the similarity of effects of hybridization 

substantiates the prevalent view that B. fowleri and B. woodhousei are 

closely related (indeed, the two are frequently considered conspecific). 

Two other groups of allied forms, B. americanus (American toad) 

and B. terrestris (Southern toad), have often been viewed as subspecif- 

ically related to each other. There is as well a tendency to consider the 

four species, B. fowleri, B. woodhousei, B. americanus, and B. terres¬ 

tris, as a closely knit complex or assemblage of toads. 

The investigation, reported herein, was undertaken to determine the 

degree of genetic compatibility between B. valliceps and the two en¬ 

tities, B. americanus and B. terrestris. Do the latter two species react 

1 This investigation was supported by a grant from the National Science Founda¬ 

tion (NSF-G7080). 
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genetically in a comparable manner to B. valliceps, and are the effects 

of hybridization similar to those previously demonstrated in inter¬ 

specific crosses involving B. valliceps with B. fowleri and B. ivood- 

housei? 

B. americanus X B. valliceps HYBRIDS 

Mated pairs of B. americanus were obtained from the following two 

sources: (1) New Jersey, Passaic County, along Union Valley Road 

between Newfoundland and West Milford, provided by Drs. Irving 

H. Black and Kenneth L. Gosner, and (2) Ithaca, New York, Cornell 

University campus grounds, furnished by Dr. Edward C. Raney and 

Mr. F. R. Gehlbach. All B. valliceps adults were collected locally at 

Audubon Park, New Orleans, Louisiana. 

Procedures for artificial cross-fertilization and care of the embryos 

are described in detail in Volpe (1954, 1956). There were no modifica¬ 

tions of these techniques in the present investigation. The eggs of a 

single female were fertilized in two batches; the first with sperm of 

the same species (“control” cross), and the second with sperm of the 

other species (“hybrid” cross). Approximately 300 fertilized eggs from 

each cross were retained for observation. 

Two americanus females from New Jersey and one from New York 

were crossed with valliceps males; each of the three fertilizations was 

accompanied by the appropriate control cross, americanus $ X amer¬ 

icanus $ . The reciprocal hybrid cross, B. valliceps $ X B. americanus 

$ , was performed four times; two of the male parents were derived 

from New Jersey, the other two from New York. The control cross in 

each instance was valliceps $ X valliceps $ . 

Embryos from the hybrid cross, valliceps $ X americanus $ , were 

defective in the gastrula stage (stage 12, defined in Limbaugh and 

Volpe, 1957). The closure of the blastopore was impeded, resulting in 

exogastrular forms characterized by large blastopores and extruding 

yolk plugs. Abortive attempts at neurulation were made by a few of 

the embryos, even though the yolk plug persisted. All hybrid embryos 

cytolysed in the late gastrula stage or incipient neural plate stage 

(stage 13). No abnormalities were evident in the control embryos 

(;valliceps 9 X valliceps $ ). 

In marked contrast to the above hybrid cross, embryos from the 

reciprocal cross, americanus $ X valliceps $ , were outwardly normal 

during the gastrulation process. Hybrid defects were first noticeable 

during the formation of the neural folds. The neural folds in the future 

spinal region of the hybrid embryos were more convergent than in the 
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control embryos (americanus $ X americanus $ ). This condition ap¬ 

parently foreshadowed the distortions of the dorsum in later develop¬ 

ment. At the tail bud stage (stage 17), the hybrid embryo exhibited an 

irregular dorsal flexure and an upturned, narrow tail. The curvature 

of the back varied from slight (almost normal) to a pronounced 

crook (Fig. la). Development was not completely arrested at this stage. 

Fig. 1. Abnormal embryos, tail bud stage (A) and gill circulation stage (B), and larval 

mouthparts (C) of F1 hybrids derived from the cross, B americanus $ XB. valliceps $ . 

Approximately 30 per cent (average of three crosses) of the embryos 

developed functional gills (stage 20). However, in the majority of 

these embryos, the dorsum was prominently arched, the abdomen was 

distended and edematous, the head was flattened, and the oral suckers 

were peculiarly enlarged (Fig. lb). Only a small per cent of the hybrid 

embryos were normal, or rather, exhibited the aforementioned defects 

to such a small degree as not to have affected their later development. 

Eight and fifteen per cents, respectively, of the embryos from the 

two crosses, americanus (New Jersey) $ X valliceps (Louisiana) $ , 

and fourteen per cent from the single cross, americanus (New York) 

2 X valliceps (Louisiana) $ , became functional tadpoles. No abnor¬ 

malities were evident in the surviving individuals during the feeding 

and metamorphic stages (stages 26-46, Limbaugh and Volpe, op. cit.). 
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The small number of survivors were critically examined during 

larval growth. Particular attention was given to the structure of the 

oral disc and the pattern of melanophores in the tail. The distinguish¬ 

ing features of the Fx hybrid tadpoles may be best appreciated by re¬ 

ferring to the photographs of the mouthparts and tail (Fig. 1c, 2b). 

In the larvae of B. valliceps, melanophores are distributed through¬ 

out the tail musculature and form an elaborate reticulate pattern in the 

tail fins, particularly the dorsal fin. The light areas or patches (evident 

in Fig. 2a) along the dorsal edge of the tail musculature and on the 

lateral surface represent the sites of yellow chromatophores or xantho- 

phores. In contrast, larvae of B. americanus (Fig. 2c) are characterized 

by relatively insignificant amounts of xanthophores, a uniform dis¬ 

tribution of melanophores in the greater part of the tail musculature 

Fig. 2. Lateral views of the tails ©f larvae of 8. valliceps (A), 8. americanus (C), and the 

F[ hybrid (B) derived from the cross, 8. americanus $ X 8. valliceps $. 
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(a narrow ventral portion is devoid of melanophores), and (typically) 

an unmarked dorsal fin. 

The conspicuous pattern of xanthophores of B. v alii ceps is lacking 

in the Fi hybrid larvae. Filamentous melanophores are prominent in 

the tail fins of the Ft hybrid, but the individual melanophores do not 

appear to be as branched as the valliceps tail melanophores. In essence, 

the Fi hybrid tadpole possesses an americanus-like pigmentation of 

the tail musculature and a valliceps-like pigmentation of the tail fins. 

The relative lengths of the three lower tooth rows constitute the 

best criterion for distinguishing the oral discs of B. americanus and 

B. valliceps. In the latter species, the three lower tooth rows are of 

nearly equal chord length (Limbaugh and Volpe, 1957; Gosner and 

Black, 1958). In B. americanus, the third lower tooth row is consider¬ 

ably shorter than the first and second lower tooth rows, comparable to 

B. fowleri (Volpe, 1956, Fig. 10). 

The Fx hybrid oral disc (Fig. 1c) resembles that of B. americanus. 

The third lower tooth row is as short as, or slightly longer than, the 

corresponding row in B. americanus. Negatively phrased, the third 

lower tooth row in the Fx hybrid is never as long as that found in B. 

valliceps. It is of interest to note that actual labial tooth counts made 

by Thornton (1954) on F1 hybrid larvae between B. woodhousei and 

B. valliceps revealed the same relationships on the lengths of the third 

lower tooth rows as shown above. 

No success was attained in rearing the F: hybrids to sexual maturity. 

The largest F1 hybrid is 35 mm. (snout-to-vent length), which reveals 

the manner in which the parental traits segregated (Fig. 3a). The 

cranial crests in miniature form strongly resemble those of the valli¬ 

ceps parent. The interorbitals are trenchant and widely separated, the 

postorbitals meet the interorbitals at an angle of approximately 120°, 

the postorbitals are connected to the anterior edge of the parotoid 

glands by a prominent ridge (preparotoid connectives), and the con¬ 

spicuous parietals curve inwardly toward the midline. The general 

body form, the shape of the snout, the nature of the lateral stripe, and 

the configuration of the parotoid glands approach the conditions found 

in the valliceps parent. The Fx hybrids are modified in the direction of 

fowleri primarily with respect to the pattern of spots on the dorsum. 

Several pairs of spots are present in the hybrid, a feature lacking in 

adults of B. valliceps. 

A unique feature of the Ft hybrid is the elaborate meshwork of pig¬ 

ment on the abdominal surface (Fig. 3b), a condition not found in the 

adult of either parental species- The throat region of the hybrid is pig¬ 

mented as is characteristic of males, but the gonads are atypical. The 
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Fig. 3. Dorsal (A) and ventral views (B) of two F1 hybrids (35 and 27 mm., respectively) 

derived from the cross, B. americanus $ X 8. valliceps $ . 

anterior portion of the gonad is composed of an unusually large mass 

of ovarian tissue and the testicular portion is much reduced. 

The structural features of these hybrids are comparable to those 

derived from the cross, B. fowleri $ (or B. woodhousei 2 ) X B. valliceps 

$ (Thornton, 1955; Volpe, 1956). 

B. terrestris X B. valliceps hybrids 

Four interspecific crosses were performed, two of which involved 

artificial matings of females of B. terrestris from Slidell, Louisiana 

with males of B. valliceps from New Orleans, Louisiana. The other 

two were reciprocal crosses, utilizing individuals from the same locali¬ 

ties. No detailed analysis of these experiments shall be presented, as 

the results were identical to the outcome of crosses described above 

between B. americanus and B. valliceps. 

All embryos of the cross, B. valliceps $ X B. terrestris $ , cytolysed 
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in the late gastrula stage. An average of 12 per cent of the tadpoles of 

the reciprocal cross, B. terrestris $ X B. valliceps $ , survived through 

the late embryonic period. The majority of the embryos that perished 

had swollen abdomens, arched backs, and deflected tails. 

The Ft hybrid tadpoles are identifiable by the terrestris-like pattern 

of pigment on the tail musculature, the valliceps-like distribution of 

filamentous melanophores on the tail fins, and the terrestris-like ar¬ 

rangement of the mouthparts. The transformed hybrid toad, after a 

period of growth, bears a strong resemblance to the valliceps parent. 

The club-shaped terminal prominences of the interorbital cranial 

crests, a unique, emphatic feature of B. terrestris, is completely sup¬ 

pressed in the Fx hybrid. Only a modified form of dorsal spotting is 

indicative of genetic influences from the terestris parent. As in the 

americanus 2 X valliceps $ hybrids, these Fi hybrids possess a peculiar 

mottled pattern of pigment on the ventral surface and gonads com¬ 

posed of half ovarian and half testicular tissue. 

The F-l hybrids are similar in appearance in all respects to those 

derived from the cross, B. americanus $ X B. valliceps $. Indeed, the 

two can not be distinguished. 

CONCLUSIONS AND SUMMARY 

The data presented herein which reveal the limited amount of gene 

exchange possible between B. valliceps and B. americanus or B ter¬ 

restris complement previous findings by Thornton (1955) and Volpe 

(1956) on the low degree of crossability between B. valliceps and B. 

fowleri or B. woodhousei. In an important sense, B. valliceps has served 

as an ideal organism for the “systematic assay” of the genetic affinities 

of the assemblage of toads, B. americanus, B. terrestris, B. fowleri, and 

B. woodhousei. The genome of each of these four species interacts with 

the gene complex of B. valliceps in virtually an identical manner. No 

viable hybrids result from the cross of a B. valliceps female with the 

male of any of the species of the assemblage. All perish at an equiva¬ 

lent embryonic stage—late gastrulation. The viable hybrids resulting 

from each of the reciprocal crosses, i.e., the female of any one of the 

four aforementioned species with the male of B. valliceps, correspond 

in every detail in the embryonic, larval, and postmetamorphic periods. 

Evidently, the four members of the assemblage are closely related, as 

had been previously surmised on other grounds. 

There is, however, one striking quantitative difference in the hybrid 

effects, which permits a genetic differentiation of the americanus- 

terrestris group from the fowleri-woodhousei group. The critical 
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period in hybrid development is the late embryonic or pre-feeding 

period. Whereas the majority of the hybrid embryos from the cross, B. 

fowleri $ (or B. woodhousei $ ) X B. valliceps $ , develop sufficiently 

normal to make a successful transition to the larval or feeding period, 

only a small percent of the hybrid embryos from the cross, B. amer- 

icanus $ (or B. terrestris $ ) X B. valliceps $ , survive. The hybrid ir¬ 

regularities appear to be qualitatively similar (i.e., a high arc of the 

dorsum and a narrow, upturned tail), yet there is a decided differential 

mortality in the late embryonic period. 

In crosses between B. woodhousei and B. valliceps, Thornton (1955) 

estimated that seventy to eighty per cent of the fertilized eggs de¬ 

veloped to the tadpole stage. Sixty-two to seventy-four per cent (mini¬ 

mum and maximum per cents in twelve experiments) of the hybrid 

embryos from the cross, B. fowleri $ X B. valliceps $ , developed nor¬ 

mally (Volpe, 1956). The data of the present investigation indicate 

that less than fifteen per cent of the hybrid embryos from the cross, 

B. americanus $ (or B. terrestris $ ) X B, valliceps $ , are capable of 

successfully continuing development beyond the late embryonic per¬ 

iod. A comparable low viability was reported by A. P. Blair (1941) in 

a single cross between B. terrestris and B. valliceps. 

The factors responsible for the differential mortality in the various 

crosses are not known, but the differences are too striking not to be 

significant. The data are apparently indicative of a close genetical 

bond between B. americanus and B. terrestris and between B. fowleri 

and B. woodhousei. 
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Experimental Evidence of the Relationship of Two 

Allopatric Chorus Frogs of the Genus Pseudacris* 

by JOHN S. MECHAM 

Alabama Polytechnic Institute, Auburn, Alabama 

Under the widely accepted biological species concept, a species is 

regarded as a population, the individuals of which are reproductively 

isolated from members of other populations through intrinsically de¬ 

termined isolating mechanisms. Such a definition is readily applicable 

to sympatric forms, which by their very geographical relatonship 

demonstrate the existence of reproductive isolation. However, it is 

much more difficult to determine the status of closely related allopatric 

forms. In such cases it is usually difficult or impractical to obtain ade¬ 

quate evidence of the degree of potential reproductive isolation, and the 

worker usually must rely on morphological criteria in reaching a de¬ 

cision as to whether two related forms merit designation as separate 

species. A problem of this nature exists with respect to the two closely 

related American chorus frogs Pseudacris streckeri and Pseudacris 

ornata. P. streckeri is found in Texas, Oklahoma, and western Ark¬ 

ansas, with small isolated populations in Illinois and southeastern Mis¬ 

souri. P. ornata is confined to the south-eastern coastal plain, and is 

separated from the nearest streckeri by the width of Louisiana and part 

of eastern Texas. The two forms are undoubtedly of relatively recent 

origin, and seem to fit the classic concept of fragmentation of a widely 

distributed population into Floridian and southwestern divisions dur¬ 

ing a southward shift of climatic belts during a glacial stage of the 

Pleistocene. They are morphologically very similar, although streckeri 

is slightly larger and more stocky as compared with ornata, and the 

two exhibit minor pattern differences. It seems safe to say that the two 

forms appear to be no more different than are some geographic races 

of other species of anurans. Blair (1958), who has compared the 

breeding call of the two forms by means of a sound spectrograph, has 

found the call to be virtually identical in both populations. He indicates 

that it is dubious that streckeri and ornata would behave as separate 

species if their ranges came to overlap. 

* This work has been supported under National Science Foundation Grant No. 

G-5495. 
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EXPERIMENTAL EVIDENCE 

The writer (1957) has previously reported the results of some 

crosses between streckeri females and ornata males, made in an effort 

to more fully establish the true status of the two forms. The percentage 

of normal development and metamorphosis was high, and there was 

no indication of genetic incompatibility as far as hybrid viability was 

concerned. A single hybrid, a male, was raised to sexual maturity. 

This individual proved to be sterile in a backcross attempted with a 

streckeri female, indicating that the two populations may be reproduc- 

tively isolated through hybrid sterility. However, this meager evidence 

could not be regarded as conclusive. 

It has since proven possible to obtain evidence of a more adequate 

nature on the reciprocal combination. Two crosses were made between 

ornata females from Macon County, Alabama, and streckeri males 

from Travis County, Texas. The crosses were made artificially, utiliz¬ 

ing basically the technique as outlined by Rugh (1948). Results of 

these crosses are given in Table I. The percentage of normal develop¬ 

ment in both crosses was high, running somewhat less than the control 

Table I 

Crosses and controls involving Pseudacris ornata from Macon County, Alabama, and 

Pseudacris streckeri from Travis County, Texas. 

Female Male 
Egg 
No. 

Cleav¬ 
age 

Blast- 
ula 

Muscular 
Re¬ 

sponse 
Normal 
Larvae 

% Normal 
Development 

P. ornata 

No. 1 

P. streckeri 

No. 1 

55 49 49 45 45 81.8 

P. ornata 

No. 1 

P. ornata 

No. 1 

39 38 38 36 36 92.3 

P. ornata 

No. 2 

P. streckeri 

No. 2 

39 39 39 38 38 97.4 

P. ornata 

No. 2 

P. ornata 

No. 2 

42 42 42 40 40 95.2 

in one cross (81.8% as compared with 92.3%), but slightly higher 

than the control in the second cross (97.4% as compared with 95.2%). 

Apparently the level of normal development in both combinations does 

not fall significantly below that occurring within each species. 

An attempt was made to rear 20 of the hybrid larvae. Twelve were 

carried successfully through metamorphosis. Although this phase of 

the experiment was uncontrolled, results obtained in raising larvae 

under laboratory conditions are frequently erratic, and the level of 
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metamorphosis in this case falls well within the range regarded as 

normal. Two of the hybrid frogs died at a very small size, and it was 

not possible to determine their sex. Two other individuals died at a 

larger, but still subadult size. Upon dissection both of these proved to 

be males with apparently normal, pigmented testes. The remaining 

eight individuals all survived at least 12 months from the time of the 

original cross, and all reached sexual maturity. All eight developed the 

dark throat pigmentation normally confined to the sexually mature 

male. Six specimens developed clearly recognizable vocal sacs, and 

although a vocal sac could not be positively identified in the remaining 

two specimens, it probably was present in a reduced condition. On the 

basis of secondary sex characteristics, therefore, particularly the dark 

throat pigmentation, all of these specimens appeared to be males. In 

view of the fact that the two subadults were also males, abnormal sex 

determination in the hybrid offspring would seem to be indicated. 

An attempt was made to artificially backcross two of the hybrids to 

ornata females, using the same technique as in the original crosses. 

Gonads of the first specimen appeared to be structurally normal testes; 

in the second specimen the gonads were decidedly abnormal, being 

enlarged, spherical structures, with only traces of pigmented testicular 

tissue. In neither attempted backcross was there any rotation or cleav¬ 

age of the eggs, although the control series in both cases showed a high 

level of normal development. Microscopic examination of the suspen¬ 

sions prepared from the hybrid gonads showed that no sperm were 

present. Two additional hybrids were sacrificed, but both exhibited ab¬ 

normal gonadal development, and no further attempts were made to 

test hybrid fertility. The remaining four specimens were kept alive for 

a time in the laboratory. Three eventually died, and the surviving 

specimen was finally killed and preserved. 

No detailed histological studies have been made of the gonads of the 

hybrids. However, upon the basis of superficial microscopic examina¬ 

tion the condition of the reproductive organs in those specimens raised 

to sexual maturity may be summarized as follows: Three specimens 

had heavily pigmented testes which appeared structurally normal. One 

of these specimens was mentioned above as having been tested for 

fertility. Another was the last to survive in the laboratory. A fourth 

example had one peculiar elongated gonad, the posterior portion of 

which consisted of pigmented testicular tissue, whereas the anterior 

portion was unpigmented, apparently undifferentiated tissue. The 

other gonad was a small unpigmented structure of uncertain nature. 

The remaining individuals all exhibited a striking and consistent type 

of abnormal gonadal development. This took the form of varying de- 
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grees of enlargement of the organ into a more or less spherical, com¬ 

pact, unpigmented mass. In two individuals this involved both gonads, 

in the other two only one. In the specimens with only one enlarged 

gonad the smaller organ in one case contained a considerable amount of 

pigmented testicular material, while in the other example it was un¬ 

pigmented, and apparently undifferentiated. There was no indication 

of ovarian tissue in the enlarged gonads, which, for the most part, 

seemed structureless. In some cases there seemed to be traces of pig¬ 

mented testicular tissue in restricted areas of the organ. Size of the 

enlarged gonads ranged from 6.7 mm. to 12.8 mm. in diameter, being 

largest in those examples in which only one was enlarged. Size of the 

hybrids themselves ranged from only 24.3 to 26.7 mm. snout-vent 

length, and there seems to be little doubt but that abnormal gonadal 

growth was the actual cause of death of two of the hybrids which suc¬ 

cumbed in the laboratory. In both cases the dense masses had almost 

filled the body cavity, giving the animal a bloated appearance. Ovi¬ 

ducts could be identified in only one of the hybrids, although in this 

particular example they were well developed. Interestingly enough, 

this specimen had morphologically normal testes, although the oviduct 

is normally absent in males of both streckeri and ornata. 

Evidence obtained from the reproductive organs, therefore, strongly 

supports the hypothesis, already indicated by secondary sex characters, 

of abnormal sex determination. It is not clear whether the specimens 

with abnormally enlarged gonads should be regarded as intersexes, or 

simply males with abnormal testes. However, the presence of well 

developed oviducts in one specimen which otherwise appeared as a 

typical male indicates that the examples with enlarged gonads need 

not necessarily be regarded as being more “female” than the other 

specimens. In any event, the sterility of the two hybrids which were 

tested, coupled with the high incidence of abnormal development of 

the reproductive structures, indicates that fertility in offspring result¬ 

ing from crosses between Pseudacris ornata females and Pseudacris 

streckeri males is very low, if not completely absent. 

CONCLUSION 

The results obtained in this study indicate a high level of normal 

embryological development in offspring from crosses between Pseud¬ 

acris ornata females and Pseudacris streckeri males. However, hybrids 

of this combination show an upset of normal sex determination, ap¬ 

parently are sterile, and in some cases show abnormal enlargement of 

the gonads which may have a delayed lethal effect. As already indi- 
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cated, previous work with the reciprocal combination indicated a high 

level of normal development in the hybrid offspring, but a single hy¬ 

brid male raised to sexual maturity proved to be sterile. It seems clear, 

therefore, that ornata and streckeri are reproductively isolated, at least 

to a considerable degree, through hybrid sterility, as well as through 

abnormal hybid sexual development. As a consequence, the two forms 

must be regarded as having diverged to the level of distinct species. 

This case illustrates the limitations of any characteristic when used 

to determine the specific relationship of closely related allopatric 

forms. Mating call of the male anuran, for example, is usually subject 

to a considerable amount of interspecific variation, and might be ex¬ 

pected to be an unusually sensitive test for differentiation. However, it 

is very similar in these two species. It further indicates the danger of 

extrapolating the possibility of gene exchange, as some workers with 

Anura have done, on the basis of a high level of normal development 

in the hybrids. In this particular case, although fertilization and de¬ 

velopment in the Fj. was near the normal level, the hybrid offspring are 

apparently sterile. 
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Arthus Reactions in Inbred Mice. II Active Sensitization 

of CFW Mice with Egg Albumin1 

by ROBERT L. TIPS 

Medical Branch—University of Texas 

The Arthus phenomenon is the local inflammatory response to the 

introduction of antigen into the tissues of sensitized animals (Arthus 

and Breton, 1903). Sensitization is accomplished by repeated antigen 

injections (active induction), followed by an incubation period during 

which specific antibodies are produced by the animal (Opie, 1924a, b, 

c; Culbertson, 1935). Sensitization also may be produced passively by 

injecting specific antibodies into the circulation (Benacerraf and 

Rabat, 1950; Fischel and Rabat, 1947). Reverse passive transfer of 

reactivity is accomplished by injecting serum antibodies into the skin 

of nonsensitized animals after giving the antigen intravenously (Bene¬ 

dict and Tips, 1954). The inflammatory response results from the anti¬ 

body and antigen reacting locally in the tissues. (Stetson, 1951; Gell 

and Hinde, 1954). 

In mice, immunologic mechanisms are difficult to demonstrate and 

vary considerably among strains (Fink and Rothlauf, 1954; Fink, 

Snell and Relton, 1953; Fink and Quinn, 1953; Ipsen, 1954; Sang and 

Sobey, 1954). Arthus reactions in mice have been reported only re- 

centl y (Benedict and Tips, 1954; Freund and Stone, 1956; Stone and 

Freund, 1956; Lipton, Stone, and Freund, 1956; Tips and Hill. 1958). 

It is the purpose of this work to describe the conditions of active 

sensitization required to induce the Arthus phenomenon in one inbred 

strain of mice. Blood counts, antibody titer, passive transfer of re¬ 

activity, and skin biopsy were utilized to evaluate the response of this 

mouse strain. 

MATERIALS AND METHODS 

Inbred CFW mice ,Thomas L. Euers, Austin, Texas), weighing 15 

to 20 grams, were maintained separately according to sex. Twice re¬ 

crystallized egg albumin (Nutritional Biochemicals Corp.), freshly 

1 This investigation was supported in part by a research grant (USPHS No. 1342) 

from the National Institutes of Health, Public Health Service. 
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weighed and dissolved in physiological saline for each procedure, con¬ 

stituted the antigen. A refrigerated stock of Freund’s adjuvant (Arlacel 

A, Mineral Oil, and killed tubercle bacilli) was warmed and mixed 

thoroughly before each use. Intraperitoneal injections consisted in 0.2 

ml. of an emulsion of adjuvant and saline or antigen solution (1:1). 

Intradermal injections were made by introducing a 27 gauge needle 

subcutaneously first, then redirecting to deposit 0.05 ml. intracuta- 

neously (flanks were shaved 48 hours before injection). Skin reactions 

were graded 0 to 4 plus depending upon the amount of necrosis, as 

previously described (Benedict and Tips, 1954). 

Procedure 1. Three intraperitoneal injections (four days apart) were 

given to 140 mice. Twenty mice received only adjuvant and saline. 

The remaining 120 were sensitized with adjuvant and egg albumin; 40 

with a total dose of 0.1 mgm. antigen, 40 with a total of 1.0 mgm-, and 

40 with 5 mgm. 

A. In 10 of each group of 40, the entire sensitizing dose was given in 

the first injection and the subsequent 2 injections were adjuvant 

and saline. 

B. In 20 of each group, the total dose was divided equally into the 

first two injections and the third was adjuvant and saline. 

C. In the remainder, the total dose was distributed equally among 

the three injections. 

After 21 to 26 days incubation, all 140 mice were tested intradermally 

with 2.5 mgm. egg albumin in one flank and saline in the other. Old 

tuberculin (1/1000) and bovine plasma albumin (1.0 mgm.) were 

injected into other sites to insure the specificity of intradermal re¬ 

actions. 

Procedure II. A total of 413 mice were given adjuvant and antigen 

in two intraperitoneal injections four days apart. 

A. 120 mice were sensitized with adjuvant and 01 mgm. of egg al¬ 

bumin. After 10 days incubation, 10 mice were tested intrader¬ 

mally with 0.1 mgm. of antigen, 10 with 1 mgm., and 10 with 10 

mgm. These 30 mice were observed for 72 hours, then discarded. 

After 21 to 25 days incubation, 80 mice were tested intradermally 

with either 0.1, 1.0, 2.5, 5.0, or 10 mgm. of antigen (as noted in 

Table II), observed and discarded. The remaining were tested 

with 1 mgm. after 40 days. Saline injections served as intradermal 

controls in all mice. 

B. 170 mice were sensitized with adjuvant and 1.0 mgm. egg al¬ 

bumin. After 10 days incubation, 37 mice were tested intrader¬ 

mally with either 0.1, 1.0, or 10 mgm. of antigen, observed, and 
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discarded. After 21-25 days incubation, or after 40 days, the re¬ 

mainder were tested intradermally as indicated in Table II. 

C. 110 mice were sensitized with 10 mgm. and 13 mice with 20 mgm. 

egg albumin in adjuvant. After proper incubation periods, these 

mice were tested intradermally according to the protocol of 

Table II. 

Fig. 1. Mouss skin 24 hours offer intradermal injection of saline. Mouse was passively 

sen t iized w-‘■h intravenous egg albumin (H & E, 1 50x). 

Procedure III. Two groups of 25 mice were sensitized with an intra- 

peritoneal injection, one with adjuvant and 1 mgm. egg albumin, and 

one with adjuvant and 10 mgm. (A third group received only ad¬ 

juvant and saline). At 5, 10, 15, 20, and 25 days following injection, 

five mice from each group were sacrificed. White blood cell counts and 

differentials were done on each mouse. Antibody nitrogen titer (Kabat 

and Mayer, 1947) and the reaction to reverse passive transfer to non- 

sensitized mice were determined on the pooled sera of each group of 5 

mice. Control determinations also are listed in Table III. 

Procedure IV. Histological sections (hematoxylin and eosin stain) 

were prepared from skin reactions produced by reverse passive trans- 
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fer (Tips and Hill, 1958). Then mice were given egg albumin intra¬ 

venously (1 ml. solution containing 0.130 mgm. nitrogen), then in¬ 

jected intradermally 30 minutes later with rabbit anti-egg albumin 

serum (0.07 mgm. antibody nitrogen), normal rabbit serum and 

saline in different sites. Pairs of mice were sacrificed at 2, 8, 24 and 72 

hours after injection and skin site biopsies were obtained. 

RESULTS 

Among the 140 mice (Table I) receiving three intraperitoneal in¬ 

jections, uniform skin reactions occurred only in the group given 1 

mgm. egg albumin in the first two injections. When the same dose of 

antigen (1 mgm.) was given in the first injection or distributed among 

the three injections, only 2 of 18 mice displayed skin reactions. Thus, 

two sensitizing injections instead of one seemed advantageous, and 

three injections unnecessary. 

Only 1 of 120 mice sensitized with 0.1 mgm. egg albumin (Table 

IIA) demonstrated Arthus reactivity despite the length of the incuba¬ 

tion period or the intradermal test dose of antigen. However, reactions 

were frequent and severe among the 170 mice sensitized with 1 mgm., 

Fig. 2. Mouse skin 24 hours after intradermal injection of normal rabbit serum. Mouse 

was passively sensitized with intravenous egg albumin (H & E, 1 50x). 



Fig. 3. Mouse skin 72 hours offer intradermol injecfion of anti-egg albumin rabbit serum. 

Mouse was passively sensitized with intravenous egg albumin (H & E, 1 50x). 
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Table I 

The effect of dividing the total sensitizing dose of egg albumin into one, two, or 

three intraperitoneal injections, given at four day intervals, on Arthus reactivity in 

CFW Mice. 

Sensitizing 
Dose of Ea 
in mgm. 

Division of 
sensitizing 

dose 

Reactions in number of mice * % Positive 
Arthus 
reaction NR 1 + 2 + 3 + 4+ 

0.1 one 8 0 0 0 0 0 

two 19 0 0 0 5 1$ 

three 10 0 0 0 0 0 

1.0 one 8 0 2 0 0 20 

two 0 0 0 0 19 100$ 

three 5 0 0 0 0 Of 

5.0 one 10 0 0 0 0 0 

two 10 0 0 0 0 0 

three 8 2 0 0 0 20 

* All mice were tested by intradermal injection of 2.5 mg. Ea at 21 to 26 days after the last intra¬ 
peritoneal injection. Reactions were graded 1+ to 4+ depending on the amount and severity of necrosis, 

f Three mice died in anaphylaxis. 
X One mouse died in anaphylactic-like reaction after approximately 24 hours during which a severe 

Arthus reaction was observed. 
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Table II 

The effect of variation in total sensitizing dose of Ea antigen, in length of induction 

period, and in intradermal test dosage on active Arthus sensitization of CFW mice. 

A. Mice sensitized with 0.1 mgm. Ea.* 

Length of 
induction 

in daysf 

Intradermal 
test of Ea 
in mgm. 

Reactions in number of mice Per cent 
positive 
reactors NR 1 + 2 + 3 + 4 + 

10 0.1 10 0 0 0 0 0 

1.0 10 0 0 0 0 0 

10.0 10 0 0 0 0 0 

21-25 0.1 17 0 0 0 0 0 

1.0 15 0 0 0 0 0 

2.5 19 0 0 0 1§ 5 

5.0 8 0 0 0 0 0$ 

10.0 7 0 0 0 0 0 

40 1.0 6 0 0 0 2§ 25 

B. Mice sensitized with 1.0 mgm. Ea.* 

10 0.1 10 0 0 0 0 0 

1.0 14 0 0 0 1 6 

10.0 12 0 0 0 0 0 

21-25 0.1 11 2 2 0 1 30$ 

1.0 2 5 7 16 8 95$ 

2.5 0 0 0 0 19 100 

5.0 7 1 2 6 12 75$ 

10.0 0 0 0 3 0 100$ 

40 1.0 10 0 0 0 0 0 

C. Mice sensitized with 10 mgm. Ea. 

10 0.1 10 0 0 0 0 0 

1.0 10 0 0 0 0 0 

10.0 10 0 0 0 0 0 

21-25 0.1 10 0 0 0 0 0 

1.0 17 0 0 0 1§ 6 

2.5 10 0 0 0 0 0 

5.0 5 0 0 0 0 0$ 
10.0 10 0 0 0 0 0 

40 1.0 6 0 4 0 0 40 

60 1.0 3 2 4 0 0 66 

D. Mice sensitized with 20 mgm. Ea. 

25 1.0 13 0 0 0 0 0 

* Sensitizing dose was divided into two intraperitoneal injections given 4 days apart. 
T Calculated from second intraperitoneal injection to intradermal test. 
% 12, 1, 4, 8, 6 and 4 mice died in anaphylaxis. 
§ Died 24 to 30 hours after intradermal test in anaphylactic-like seizure. 
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but only after 21 days incubation and testing intraderxnally with more 

than 0.1 mgm. antigen (Table IIB). Curiously, only 11 of 123 mice 

sensitized with larger doses of antigen (10 and 20 mgm.) displayed 

reactivity under all conditions of testing (Table II C & D). 

Anaphylactic deaths occurred among various groups of mice 

(Tables I and II). but no constant relation to sensitizing dose, incuba¬ 

tion period or intradermal test dose was obvious. Arthus reactions may 

have been masked by early deaths, but in some cases severe skin re¬ 

action preceded anaphylactic deaths by 24 to 30 hours. 

Peripheral leucocyte counts (Table III) during active sensitization 

are elevated as expected with peritoneal injections, but the presence 

of antigen had little effect. Markedly enlarged spleens (3 to 4 times 

normal) and considerable peritoneal exudate were observed in mice 

receiving adjuvant and antigen. 

The antibody titer varied from 0.02 mgm. (antibody nitrogen) to 

0.42 mgm. in the pooled sera of sensitized mice (Table III). The dis¬ 

tribution of values, however, has no orderly relation to the sensitizing 

Table III 

Leucocyte count, antibody nitrogen titer, and reverse passive transfer activity of 

blood from CFW mice during active Arthus sensitization. 

Incubation 
period 
in days 

Sensitizing 
dose of Ea 
in mgm* 

Average leucocyte 
count and % 
polymorphs 

Antibody 
nitrogen 
in mgmf 

Ratio of 
positive reactors 

in passive 
transfer:}: 

5 0 20,000 c 80% 0.00 0/4 

1 25,000 c 80% 0.06 5/6 

10 30,000 c 76% 0.16 4/6 

10 0 8,000 c 70% 
1 8,000 c 60% 0.02 5/6 

10 18,000 c 72% 0.10 6/6 

15 0 8,000 c 60% 0/5 

1 11,000 c 62% 0.10 3/6 

10 8.000 c 70% 0.42 2/6 

20 0 6,000 c 50% 0.00 

1 7,000 c 56% 0.08 3/6 

10 7,000 c 58% 0.07 6/6 

25 0 6,000 c 50% 
1 6,000 c 52% 0.06 5/6 

10 8,000 c 52% 0.16 5/6 

* Amount of egg elbumin combined with adjuvant in the intraperitoneal injection. Five mice were 
included in each group. 

Amount of anti-egg albumin nitrogen per ml. of pooled serum (5 mice'!. 
t Ratio of passively sensitized mice showing skin reactions to the pooled serum. Passive sensitization 

^"\s accomplished by injecting 0.130 mgm. egg albumin nitrogen intravenously 30 minutes prior to in¬ 
tradermal testing. 
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dose or the incubation period. As shown by reverse passive transfer, 

these sera also contained skin sensitizing antibodies. 

In microscopic sections of the skin, the saline injection sites and the 

normal rabbit serum sites showed minimal leucocytic infiltration and 

edema indicative of mild inflammatory response during the first 24 

hours. Specific antiserum produced a marked leucocyte infiltration 

and edema even at 72 hours, attesting to the severe local inflammation 

evoked b ythe antigen antibody reaction. 

DISCUSSION 

The Arthus phenomenon has been investigated in many species of 

animals since 1903. Yet, in mice, the reaction was not reported until 

1954 (Benedict and Tips). The method of giving the sensitizing in¬ 

jections, the amount and type of antigen, the incubation period, and 

the intradermal test dose of antigen, constituted important variables 

even within one inbred strain of mice. 

A single large injection of antigen sensitized rabbits as well as re¬ 

peated small injections (Rich, 1947; Rabat and Meyer, 1948). How¬ 

ever, single injections were not as effective in the CFW strain of mice. 

Two intraperitoneal injections were preferred. 

Egg albumin is an excellent antigen and is used in standard im¬ 

munological procedures (Rabat and Mayer, 1948). When combined 

with adjuvant, a single injection of 10 mgm. sensitized guinea pigs to 

give intense reactions in 14 days. In mice, active sensitization to bovine 

plasma albumin (5 mgm.) given in three intraperitoneal injections 

(4 days apart), was apparent after 35 days incubation (Benedict and 

Tips, 1954). Consistent sensitization with egg albumin occurred in the 

CFW strain when 1 to 5 mgm. were given in two intraperitoneal in¬ 

jections, and the mice tested intradermally with 1 to 5 mgm. after 25 

days incubation. The reasons that larger sensitizing doses of antigen 

(10 and 20 mgm.) did not produce more severe or consistent responses 

were not obvious in the data. 

During the process of active sensitization, leucocytosis and perito¬ 

neal exudation reflected the severe peritoneal response to the presence 

of antigen and adjuvant, as known in guinea pigs (Freund and Mc¬ 

Dermott, 1942). The spleenomegaly remained unexplained. 

Skin sensitizing antibodies and erratic antibody titers in pooled 

mouse sera were demonstrated throughout the incubation period. How¬ 

ever, their relation to the amount of sensitizing antigen or to the ability 

of the mouse to react to intradermal challenge was not elicited. The 

erratic occurrence of anaphylaxis did not reflect an obvious relation 

to the Arthus phenomenon. 



356 THE TEXAS JOURNAL OF SCIENCE 

SUMMARY 

1. In inbred CFW mice, active Arthus sensitization to egg albumin 

could be consistently demonstrated under the following conditions; 

a) Sensitizing dose of one to five milligrams of antigen incorpo¬ 

rated in Freund’s adjuvant was given in two intraperitoneal 

injections four days apart. 

b) An incubation period of 21 to 25 days was allowed. 

c) The intradermal injection contained one to five milligrams of 

antigen. 

2. Blood counts, antibody studies, skin biopsy, and autopsy were 

utilized to evaluate the Arthus response in these mice. During the 

process of active sensitization, peritoneal exudation, leucocytosis, 

and spleenomegaly were obvious. 
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The Effects of Gibberellic Acid on Microcystis aeruginosa1 

by LA VERNE ALBERT and FLOYD F. DAVIDSON 

Baylor University 

INTRODUCTION 

Gibberellic acid, a remarkably potent plant growth substance, has 

caused mounting interest in recent years. Its stimulatory effects on the 

growth of seed plants have been studied extensively, but the few 

studies using bacteria and fungi offer no convincing evidence that gib¬ 

berellic acid has a stimulating effect on plants of lower orders. Evi¬ 

dence for an antagonistic rather than stimulatory effect was reported 

by Edwards (1940) and Koehler and Woodworth (1938). Hayashi 

(1940) found that growth, fermentation, and size of yeast cells were 

unaffected by gibberellin, a substance related to gibberellic acid. Brian, 

et. al., (1954) reported negative results on eleven species of bacteria 

and thirteen species of fungi. The present paper reports an attempt to 

determine whether an alga, Microcystis aeruginosa (Kuetz.), would 

respond to gibberellic acid like the seed plants or like the other thal- 

lophytes investigated. 

MATERIALS AND METHODS 

The alga used in this study was obtained in bacteria-free cultures 

from Dr. Gerald C. Gerloff (University of Michigan). A soil extract 

medium (Davidson, 1959) was used for subcultures. The alga was 

grown in 125-ml. flasks containing 45 ml. of culture medium. Calcium 

carbonate was added to adjust and buffer the pH at approximately 7.5. 

Gibberellic acid was added to the cultures the sixth day following 

inoculation with algae. At this time the cultures were in the early 

stages of the logarithmic growth phase (Gerloff, et. al., 1952). Succes¬ 

sive dilutions of gibberellic acid were prepared in the nutrient medium 

to obtain concentrations ranging from 10_1 to 10~10 mg./ml. The flasks 

1 The substance of this article was delivered at the 1958 meeting of the Texas 

Academy of Science. This research was conducted in partial fullfillment of the re¬ 

quirement for the degree of Master of Arts. 

This investigation was supported in part by a research grant E-1429 (C2) from 

the National Institute of Allergy and Infectious Diseases of the National Institutes 

of Health, United States Public Health Service, Washington, D.C. 
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were grouped in a series consisting of the ten dilutions to be tested plus 

two, and sometimes three, untreated controls. 

The cultures were placed on a mechanical shaker (Davidson, 1959) 

and agitated eight hours each day during the experimental period. 

Constant illumination (500 ft.—C.) was provided by 40 watt cool-white 

fluorescent tubes, and the room temperature was thermostatically con¬ 

trolled at 26-30°C. 

In agitated cultures M. aeruginosa is unicellular. The cells are 

spherical with an average diameter of about 3.65 microns. Each cell 

has an investing capsule or sheath of gelatinous material. 

Three criteria were used to determine the effects of gibberellic acid 

on the growth of M. aeruginosa—changes in cell size, optical density, 

and the number of cells per cubic millimeter of culture medium. On 

the fourteenth day following inoculation, the diameter of individual 

cells was measured by means of an ocular micrometer. Changes in 

optical density and number of cells per cubic millimeter of culture 

medium were determined on the sixth, seventh, eighth, and tenth days 

following inoculation. Optical density was measured on a spectropho¬ 

tometer. A hemacytometer was employed to count the number of cells 

per cubic millimeter of culture medium. 

RESULTS AND DISCUSSION 

Measurements of the diameter of approximately thirty cells of M. 

aeruginosa from each culture in a series of gibberellic acid dilutions 

were averaged, and the averages plotted on the graph illustrated in 

Fig. 1. It seems apparent that the intermediate dilutions of gibberellic 

acid (10-9 through 10“5) induce enlargement of the cells. The size of 

the cells is 4% to 7% greater than the controls in the dilutions men¬ 

tioned except for 1(T7 in which the increase exceeded 30%. 

Results on studies of optical density of cultures and number of cells 

per cubic millimeter of culture medium are shown in Figs. 2-5 and in 

Table 1. The points on the graphs in Figs. 2 and 3 and the figures in the 

table represent arithmetic means of optical density readings and cell 

counts from all the series studied. Percentages of change for each dilu¬ 

tion of gibberellic acid as compared with the percentage of change of 

the control are illustrated by Figs. 4 and 5. Readings for each culture 

of a series were obtained on the sixth day when gibberellic acid was 

added before it had time to take effect. These were used as the point of 

reference from which the percentage of change on seventh, eighth, and 

tenth days was based. Figs. 4 and 5 indicate no consistent trend. Roth 

leave the general impression of stimulatory action of gibberellic acid 

within the first 24-hours period of growth- After this initial effect there 
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CONCENTRATION OF G. A. MO/ML 

Fig. 1. Effect of different concentrations of gibberellic acid on diameter (expressed in 

microns) of M. aeruginosa cells as compared with a control (C). Results represent the mean 

diamter of 30 algal cells (including gelatinous matrix). 

seems to be inhibition in concentrations above 10~8 on subsequent days. 

The inhibitory effect is more pronounced on the tenth day than on the 

eighth. 

There is some evidence that those cultures which had a low cell 

concentration and optical density on the sixth day show a greater per- 
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Table I 

Days 6th 7th 8th 10th 

Dilution No. cells O.D. No. cells O.D. No. cells O.D. No. cells O.D. 

1 1825 .102 3400 .152 4450 .172 4525 .260 

2 2425 .092 3550 .145 3975 .155 6450 .256 

3 2425 .109 3525 .144 4017 .166 7000 .277 

4 2125 .085 4325 .145 3650 .146 7025 .261 

5 3675 .130 4687 .177 5025 .196 8350 .330 

6 2900 .112 4062 .145 3700 .170 7575 .280' 

7 2300 .110 3475 .151 4125 .170 7150 .235 

8 2375 .095 3900 .142 4500 .170 6825 .295- 

9 1675 .066 2450 .107 3075 .123 6025 .245 

10 2250 .077 2725 .105 3837 .135 6050 .287 

Control 2375 .110 2742 .125 4012 .162 6766 .322 

C.I. 1316- .092- 1359- .087- 3204- .124- 5213- .266- 

3434 .128 4125 .163 4820 .200 8319 .378 

Key to Abbreviations: 
No. cells—Number of cells per cu. mm. of culture medium. 
O.D.—Optical density. 
C.I.—Confidence interval (of controls). 

CONCENTRATION 0 F G.A. MS / ML 

Fig. 2. Effect of different concentrations of gibberellic acid on the optica! density of cul¬ 

tures of M. aeruginosa. Readings taken on the 6th day of the growth period represent un¬ 

treated cultures. Readings on 7th, 8th, and 10th days represent the same cultures: 10 treated 

with serial dilutions of gibberellic acid; one (C) untreated. 
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CONCENTRATION OF 6.A.MG/ML 

Fig. 3. Effect of different concentrations of gibberellic acid on the number of cells per 

cubic millimeter in M. aeruginosa cultures. Counts made on the 6th day of the growth period 

represent untreated cultures. Counts on 7th, 8th, and 10th days represent the same cultures: 

1 0 treated with serial dilutions of gibberellic acid; one (C) unreated. 

centage of increase by the tenth day than other cultures. Those which 

had high cell concentration and optical density on the sixth day usually 

had the lowest percentage of increase by the tenth day. This may ex¬ 

plain the irregular fluctuations of the lines on the graphs. 

Statistical research has shown that the so-called confidence interval 

can be asserted with 95 % degree of confidence to include the true mean 

of a population. A confidence interval was constructed for each control 

group because the quantity of control data was greater than experi¬ 

mental data. These confidence intervals are given in Table 1. Experi¬ 

mental means falling outside the range of the control confidence in¬ 

terval are the ones most likely to have statistical significance. 

Some of the measurements (10~5 and 10~9) fall outside the range of 

the control confidence interval on the sixth day when gibberellic acid 

was not affecting the cultures. Since the cultures lack uniformity on 
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this day, it is difficult to analyze the measurements of subsequent days 

as to positive significance. 

Optical densities of the 10-1, 10-2, and 10-4 dilutions of gibberellic 

acid fall below the control confidence interval on the tenth day; but 

the cell concentration of the 10-2 and 10-4 cultures is within the range 

of its related interval. On the seventh day the cell concentration of the 

10~4 dilution was above the control range; but the optical density was 

within its control range. If the measurements for these cultures can be 

taken as significantly different from the controls, there is some evi¬ 

dence that the higher concentrations of gibberellic acid produce chlo¬ 

rosis. Since the 10~4 dilution on the seventh day is the only one with a 

Fig 4. Per cent change in optical density of G.A.treated M. aeruginosa cultures as com¬ 

pared with untreated controls. Results on 7th, 8th, and 10 days of the growth period are 

expressed in difference of per cent change in optical density of the G.A.-treated cultures over 

the optical density of the same cultures before treatment on the 6th day of the growth 

period as compared with changes in controls over the same period of time. 
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Fig. 5. Per cent change in number of cells per cubic millimeter in G.A.-treated M. aeruginosa 

cultures as compared with untreated controls. Results on 7th, 8th, and 10th days of the 

growth period are expressed in differences of per cent change in cell count of G.A.-treated 

cultures over the cell count of the same cultures before treatment on the 6th day of the 

growth priod as compared with changes in controls over the same period of time. 

cell concentration greater than that of the controls, it seems difficult to 

conclude from this analysis that gibberellic acid had any stimulatory 

effects on growth. 

The irregularities and unusual patterns which are apparent in most 

of the results are due largely to lack of uniformity in the cultures of a 

series before gibberellic acid was added. A major finding of this study 

was the high degree of variability of M. aeruginosa in laboratory cul¬ 

tures. Adequate means of making such cultures uniform need to be 

investigated, but this was beyond the scope of the present study. 
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SUMMARY 

1. Intermediate concentrations of gibberellic acid induced larger 

cell size in M. aeruginosa. 

2. Determinations of the number of cells per cubic millimeter of 

cultures of M. aeruginosa in successive dilutions of gibberellic acid, 

indicated some stimulation of growth in high dilutions and inhibition 

in low dilutions. 

3. By comparison of the optical density and the cell count of these 

cultures, cases in which the optical density was lower than expected 

from the cell count indicated a probable lack of chlorophyll in the algal 

cells and was taken, therefore, as evidence of chlorosis. 

4. Irregularity of the results may be attributed to the variability of 

M. aeruginosa in laboratory cultures. 
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Selective Adaptation for the Color Phases of the 

Terrestrial Snail Helicina orbiculata 

by CLIFFORD JOHNSON 

The University of Texas 

INTRODUCTION 

The terrestrial snail Helicina orbiculata exhibits a white and a buff 

color phase throughout its known range in central Texas (Pilsbry and 

Ferris, 1906). Stocks collected in the latter part of 1958 and early 1959 

have shown a correlation with the soil background color and offer an 

opportunity to determine if the color phases are selectively favored in 

relation to the habitat background. At least five species of rodents oc¬ 

curring within the range of H. orbiculata are known to feed on these 

snails and they often leave the shell remains in piles along their run¬ 

ways. The objective has been to compare the color phase ratio of the 

predation samples to the ratio existing in the samples from the live 

population and compare these data with the habitat. 

METHODS 

Collecting 

Collecting stations were chosen in regard to the soil background 

color. The snails were collected during the day by carefully working 

through the leaf litter or grass cover. Each station was reexamined to 

prevent differential collection between the two phases. Where definite 

rodent runways were distinguishable, a sample of broken shells was 

collected, except those shells so weathered as to cause difficulty in re¬ 

cording. These predation samples were not always separable into adult 

and juvenile categories. Fragments were not taken to prevent record¬ 

ing the same shell twice. Rodents have a characteristic way of breaking 

a snail shell as described by Moore (1954). No non-broken shell was 

found in a rodent runway. 

Recording 

Cheatum (1937) has given an extensive classification of the color 

phases using such terms as cinnamon buff, tilluel buff, cartridge buff, 

etc. and the white phase. These various shades of buff may have a 
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genetic explanation, but it is doubtful that these small subjective dif¬ 

ferences have an ecological effect. I have classified my material into 

two color phases, white and buff. These are distinguished by using the 

color of the shell just interior to the periphery of the lip. The buff phase 

has here a decided buff tint, whereas the white phase is white. Classi¬ 

fication in this way is objective, as my samples have been independent¬ 

ly examined by Mr. Howard Haines and the same ratios obtained. 

Surface soil from each station was measured for per cent of reflected 

light by the Photo volt Photoelectric Reflection Meter Model 610. Red, 

green and blue color filters were used, and a block of white magnesium 

oxide was used as the standard maximum. 

Juveniles are distinguished from breeding adults by their lack of 

the expanded peripheral lip (Pilsbry, 1948). Sex determination was 

made by dissection. 

SEX RATIO 

Helicina orbiculata is one of our relatively few terrestrial proso- 

branch mollusks and thus has separate sexes. From a sample of 107, 60 

were males and 47 were females. Chi square = 0.31 with a p>0.80 that 

the deviation from the expected 1:1 was due to sampling. Of the 60 

males, 24 were buff and 36 were white. For the 47 females, 26 were 

buff and 21 were white. The chi square values are 2.40 and 0.52 re¬ 

spectively, both of which have probabilities within limits attributed to 

sampling. The inheritance of the shell color is apparently independent 

of sex. The sample was taken from 9 miles east of Austin, Texas. 

STATION DATA 

The stations at which samples were collected are listed below for 

pale, dark, and intermediate soil-shades respectively. 

The pale-soil stations are: 

1. Six miles east of Austin, Texas, on U.S. Highway 290. 

2. Six miles southeast of Luling, Texas, on U.S. Highway 183. 

3. Eleven miles south of Goliad, Texas, on U.S. Highway 183. 

The dark-soil stations are: 

4. Five miles west of Austin, Texas, on Ree Caves Road. 

5. Six miles east of Georgetown, Texas, on state road 29. 

6. Six miles north of Pflugerville, Texas, on state road 973. 

7. Four miles east of Round Rock, Texas, on U.S. Highway 79. 

The intermediate soil stations are: 

8. Six miles east of Austin, Texas, on state road 969. 
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9. Eleven miles east of Austin, Texas, on state road 969. 

10. Eight miles east of Austin, Texas, on state road 969. 

The differences in the reflective properties of the soils are shown in 

Table 1. The ranges for all three filters show no overlap between soils 

classed as pale, dark, and intermediate, and the latter falls approxi¬ 

mately half-way between the pale and dark soil readings. 

DISCUSSION 

Each sample from the pale and dark soils had a higher proportion of 

white shells on the pale soils and a higher proportion of buff shells on 

the dark soils, (Table 1). The proportions of the buff and the white 

Table 1 

Numbers of buff and white shells per station for the adult and juvenile samples, and 

photometer readings for the surface soil per station. 

Station 
number 

Sample size 
adults juveniles 

Adult frequency 
buff white 

Juvenile frequency 
buff white 

Red 
filter 

Soil 
Green 
filter 

Blue 
filter 

1 93 49 22 71 18 31 36 15 22 

2 107 58 36 71 23 35 38 19 14 

3 111 61 21 90 20 41 42 18 16 

4 79 51 57 22 32 19 14 9 4 

5 104 87 79 25 57 30 16 11 6 

6 87 52 70 17 35 17 18 7 4 

7 123 91 84 39 56 35 15 10 6 

8 133 79 76 57 44 35 26 14 8 

9 97 53 57 40 30 23 22 12 11 

10 126 82 52 74 37 45 24 13 9 

shells of the adult samples from the pale soils were 0.250 and 0.750 

respectively. For the juvenile samples the proportions were 0.363 and 

0.637 for the buff and the white phases respectively. The samples from 

the dark soils had a similar distribution in favor of the buff phase. The 

adult sample proportions were 0.261 and 0.739 for the white and the 

buff phases respectively, while the juvenile sample proportions were 

0.360 and 0.640 respectively. 

The adult samples had higher proportions of the favored color phase 

at all stations, however the differences were not statistically significant. 

The samples from the intermediate soil shades are very close to a 

1:1 ratio for adults and juveniles. The adult proportions were 0.481 

and 0.519 and the juvenile proportions were 0.482 and 0.518 for the 

white and the buff phases respectively. 

Predation samples are only available from the intermediate and 
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dark soil shades. The latter showed a striking contrast to the propor¬ 

tions found in the live samples from the same stations. Station 5 had 

proportion values of 0.203 and 0.797 for the buff and the white phases 

respectively, and station 6 had values of 0.169 and 0.831 respectively. 

These values all differ significantly at greater than the 1% level of 

confidence from the ratios found in the live samples. The predation 

samples from the intermediate soil shades all show a close approxima¬ 

tion to the 1:1 ratio found in the live samples of these stations and no 

significant deviations occurred. The predation sample data are given 

in Table 2. 

Table 2 

Numbers of buff and white shells of the predation samples per station. Both adult 

and juvenile shells are included. 

Station 
number 

Color 
buff 

phase 
white 

5 15 59 

6 14 69 

8 49 42 

9 45 40 

10 54 50 

The data appear to indicate a definite selective value correlated with 

background coloration. 

The juvenile samples are presently the best estimate of the basic 

phenotypic ratio and the correlation with the habitat indicates that 

selection has molded the different populations toward adaptive peaks. 

If the differences between the adult and juvenile samples are real, it 

may indicate an increasing selection intensity which may be related 

to the present high rodent populations in the state. 

Mus musculus, Sigmodon hispidus, Onychomys leucogaster, Pero- 

myscus maniculatus, and Baiomys taylori will accept the snails readily 

in captivity. Natural selection is certainly the result of numerous pred¬ 

ators. Color vision need not be assumed for a predator since Cott 

(1940) has shown tone to be equally important. 

Similar interpretations have been reached for Cepaea nemoralis in 

England. Cain and Sheppard (1950, 1954) demonstrated that colonies 

of similar habitat resemble each other and that they differ between 

unlike habitats. Diver (1940) had earlier explained the variability as 

genetic drift. Cain and Sheppard (op. cit.) have shown the breeding 

populations of C. nemoralis to be determined by a physiological selec¬ 

tion and by predation by the song thrush, Turdus ericetorum. Good- 
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hart (1958) has found the same phenomena for a sibling species C. 

hortensis, and has stated that the snails are eaten only during food 

shortage or high population periods for the thrush. 

SUMMARY 

Collections of the terrestrial snail Helicina orbiculata have been 

classified into a white and a buff color phase. These have been cor¬ 

related with pale and dark soils. Higher percentages of the white phase 

occur on pale soil shades and higher percentages of the buff phase occur 

on dark soils. Intermediate soil values have an approximate 1:1 

white-buff ratio. Predation samples from rodent runways on the dark 

soils show a marked contrast to the live sample ratios of the same sta¬ 

tion. No such deviation was found for predation samples from the inter¬ 

mediate soil stations. Natural selection appears to be maintaining 

adaptive peaks in the local habitats. 

The color phases of the snails appear to be independent of sex. 
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Science in Texas 

Foreign manufacturing will attract considerable interest at the 

Fourteenth Annual Technical Meeting of the South Texas Section of 

the American Institute of Chemical Engineers scheduled for October 

30,1959, at the Moody Center in Galveston, Texas. 

Chemical manufacture by American companies in Brazil, Mexico 

and the European Common Market will keynote the discussion of for¬ 

eign manufacture. Specialized symposiums include, “Plastics and 

Polymerization” and “Instrumentation”, in addition to a general 

technical session of universal interest. Two group discussions “Career 

Counseling” and “Management in Politics” are limited to an attend¬ 

ance of 45 each, in view of previous demand. 

Over a thousand chemical engineers, a record attendance, are ex¬ 

pected to view the more than fifty exhibits at the Moody Center, dis¬ 

playing the latest engineering equipment. 

The desks open at 8:00 a.m. to permit registration of the large at¬ 

tendance for the meeting at 9:30 a.m. The meeting General Chairman 

is C. L. Umholtz, Humble Oil & Refining Company, Baytown, Texas, 

and the Program Chairman is R. D. Hornbeck, Aluminum Company 

of America, Rockdale, Texas. 

★ ★ ★ ★ 

The Southwest Regional Meeting of the American Chemical Society 

will be held in Baton Rouge, La. at the Capitol House on December 3 

through 5, 1959. As usual, papers in all fields of chemistry as well as 

the symposia subjects are solicited. Authors of general papers should 

submit titles by July 1 and abstracts by August 15 to the program 

chairman, Mr. S. M. Blitzer, Ethyl Corporation, P. 0. Box 341, Baton 

Rouge, La. Authors of symposia papers should contact the proper 

chairman. 

The four symposia planned feature invited papers by prominent 

men in each field in addition to the usual solicited papers. Organiza¬ 

tion of the symposia as of June 1 is as follows: 

(A) Organo-metallic Chemistry-Chairman, Mr. H. Shapiro, Ethyl 

Corp. 

Featured speakers include Dr. H. C. Brown of Purdue University, 

Dr. Dietmar Seyferth of Massachusetts Institute of Technology, Dr. H. 

W. Sternberg of the U.S. Bureau of Mines at Bruceton, Pa. and Dr. 

Harold H. Zeiss of the Monsanto Chemical Company. 
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Papers in the general field of carbon metal bonded compounds are 

solicited. 

(B) Polymerization Chemistry-Chairman, Dr. J. McKenzie. Co¬ 

polymer Rubber and Chemical Corp. 

Featured speakers include Dr. Herman Mark, of Brooklyn Poly¬ 

technic Institute, who will speak on new polymers and new uses. Dr. 

J. D. D’lanni of the Goodyear Tire and Rubber Co. will talk on new 

monomers. Solicited papers include papers on polymerization methods, 

raw materials, and properties of polymers. 

(C) High Energy Combustion-Chairman, Dr. A. J. Haefner, Ethyl 

Corp. All papers including general reviews of this field are welcome. 

Suggested subjects for papers include (1) kinetics of combustion, 

(liquid and solid fuels); (2) flame spectra and association energies; 

(3) flame propagation and detonation waves; and (4) applications to 

propellant systems. At least two or three featured speakers are antici¬ 

pated for this symposium. 

(D) Chemical Education-Chairman, Dr. Joel Selbin, L.S.U. 

Featured speakers for this symposium include Dr. Cecil L. Brown 

of Esso Research & Engineering, Dr. Karl L. Ditmar of Florida State 

University, and Dr. Nicholas Dewitt of Harvard University. 

Additional papers in the field of Chemical Education are solicited. 

★ ★ ★ ★ 

A pamphlet on “Careers in Botany” written by Dr. Irwin Spear, 

University of Texas botanist, is available to high school students and 

others interested in the kinds of jobs open to beginning botanists. The 

Botanical Society of America financed publication of the pamphlet. 

Other University botanists helping with the publication include Drs. 

Harold C. Bold, Charles Heimsch and B. L. Turner. Copies may be 

obtained from Dr. Turner, Botanical Society of America secretary, 

Botany Department, University of Texas, Austin 12, Texas. 
★ ★ ★ ★ 

Mr. A. Garland Adair was commissioned an Admiral (honorary) 

of the Texas Navy on April 17. He has also been honored recently by a 

resolution from the Texas Senate for “The service he has unselfishly 

rendered and is continuing to render to the Lone Star State.” Mr. 

Adair is well-known for his work as curator of history at the Texas 

Memorial Museum. 
★ ★ ★ ★ 

A University of Texas research archeologist, Dr. Jeremiah F. Ep¬ 

stein, has discovered eight burins—small stone engraving tools— 

possibly used by prehistoric Indians along the Rio Grande about 4,000 

B.C. This is the first time burins have been found this far south in 
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North America. Previous burin discoveries were in Alaska, Oregon 

and Canada. Dr. Epstein found the triangular, sharp-pointed stone 

tools in materials collected in the Diablo Dam area near Del Rio. He 

and other University research archeologists are excavating there as 

one part of a larger project to salvage archeological ruins from five 

Texas dam construction areas before the artifacts are lost beneath the 

flooded reservoirs. 

As soon as Dr. Epstein discovered the burins, he shipped them to a 

U.S. expert, J. L. Giddings of Brown University. Dr. Giddings verified 

the small stone tools as '‘authentic burins.” All previous discoveries of 

burins were made in the cold areas of the U.S., Asia or Europe, Dr. 

Epstein explained. “At this point, we can only guess how the burins 

came to be this far south in a semi-desert environment.” He described 

the burins as “diagnostic clues.” Finding them here suggests that the 

prehistoric Indians who inhabited Texas had “some connection” with 

the Upper Paleolithic Old World peoples who crossed Asia and the 

Bering Strait to Alaska. 

Burins, invented in the Old World some 20,000 years ago, were as¬ 

sociated with the stone-cutting and -chipping techniques of the early 

European inhabitants. The manufacture of stone burins required a 

“rare” technique, Dr. Epstein said. For that reason, it had to be trans¬ 

mitted by certain persons who successfully made and used such tools. 

In the colder climates of Alaska, Asia and Europe, the inhabitants 

hunted large animals and used the burins for cutting up bones to make 

useful implements. In the Diablo-Pecos area, the Indians probably 

used the burins for incising and splintering wood to make tools, or for 

splitting reeds to use for basket-weaving. Burins in the Del Rio area 

show few signs of rough wear, he said. Possibly the Indians also used 

them for carving decorations on wood. “Archeological deposits found 

in the Diablo-Pecos River area may extend back as far as 7,000 B.C., 

Dr. Epstein said. 

★ ★ ★ ★ 

Major General Elbert DeCoursey, MC, USA has been named direc¬ 

tor of Southwest Foundation for Research and Education (SFRE). In 

making the announcement, Dan Oppenheimer, chairman of the foun¬ 

dation Board of Governors, said General DeCoursey’s appointment 

would begin with his separation from the Army. It is expected that he 

will assume active duty as director in the very near future. 

“We are indeed fortunate to have a man of Dr. DeCoursey’s stature 

to head Southwest Foundation,” Mr. Oppenheimer said. “For the first 

time we will have a full time scientist devoting all his energies to the 

advancement of the important research at SFRE. The Foundation is 
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growing here and it has branches in Lexington, Kentucky and Kenya, 

Africa. We are certain that Dr. DeCoursey can obtain the full support 

of this community so this progress may continue. 

General DeCoursey will also be appointed as a full professor at 

Trinity University with the title of Director of Scientific Research. 

General DeCoursey is commandant of the Army Medical Service 

School and Clinical Professor of Pathology at Baylor College of Medi¬ 

cine. He interned at Brooke General Hospital after receiving his M.D. 

from Johns Hopkins Medical School. Prior to his present post, he di¬ 

rected the work of the Armed Forces Institute of Pathology in Wash¬ 

ington. He is author of several medical textbooks and many medical 

papers. He was a member of the Joint Commission for the Investiga¬ 

tion of Effects of the Atomic Bomb in Japan in 1945 and a member of 

the Naval Medical Research Section at Bikini. In 1956 he was sent to 

Japan as a consultant to the National Research Council on its research 

program on survivors of the atomic bombing. He is a member of the 

Council for Research and Education of the American Hospital Associ¬ 

ation. 

Southwest Foundation for Research and Education is one of the three 

independent institutions which make up Southwest Research Center. 

It is concerned primarily with basic research in medicine. The other 

institutions in the Center are Southwest Research Institute (applied 

research) and Southwest Agricultural Institute. 

★ ★ ★ ★ 

A University of Texas zoologist-psychologist team has received an 

$8,631 research grant from Hartz Mountain Products Corporation to 

investigate the parrot’s ability to mimic human talk. Dr. Robert Se- 

lander, zoologist, and Dr. Egidio J. Capaldi, psychologist, will seek 

answers to a number of questions: When parrots learn to talk, is mere 

repetition of sounds enough, or is reward of crackers or other food 

necessary? Or does the promise of human companionship stimulate 

the parrot to mimic? Dr. Selander will study the parrots’ normal dis¬ 

plays and vocalizations in their natural environment. Dr. Capaldi will 

investigate the mimicking ability of parrots in captivity. “An under¬ 

standing of the parrot’s learning to talk may help explain various as¬ 

pects of that learning process in human infants,” Dr. Capaldi said. 

“It would be impossible to isolate infants for such studies. Fortunately, 

we have these excellent talking birds for use in research. Parrots show 

greater learning abilities than many other birds,” he added. 

Eight aviaries to house the parrots will be built at the University’s 

Balcones Research Center. Dr. Capaldi will work with the African 
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Gray, the “best talker” among parrots. He will keep some of the birds 

in isolation chambers so they hear no human voice. He wants to test 

the “universal opinion of bird trainers that birds speak to satisfy 

human beings.” Dr. Selander will study a group of small, green parrots 

called Conures, collected from the Antilles, Mexico and South America. 

He will observe the parrots in their natural habitat, and also breed 

them under controlled conditions so he can compare the behavioral 

differences between birds growing naturally in the jungle and those 

raised in captivity. Dr. Selander will attempt to find out why parrots 

will mimic in captivity, and not do so in their native habitat. In the 

wild, parrots have a set of limited stereotyped vocalizations—calls and 

displays which communicate intention to act, aggressiveness, mating 

desire, mood or coordinate activities of a pair or flock. He will also 

test the theory that behavior—especially instinctive acts—changes 

over a period of generations by process of evolution. A third goal will 

be to study what aspects of parrot behavior prevent different species 

from interbreeding. 

★ ★ ★ ★ 

Dr. William Madsen, University of Texas anthropologist, has re¬ 

ceived a $20,000 grant from the Hogg Foundation for Mental Health 

to support his research on the relationship of culture changes to mental 

health among various ethnic groups in Texas. 

★ ★ ★ ★ 

Dr. F. Kenneth Brasted, former President of the University of Dal¬ 

las, has joined Texas Instruments Incorporated as Administrative 

Director of the Central Research Laboratory, R. W. Olson, Vice-Presi¬ 

dent—Research and Engineering, announced recently. Dr. Brasted 

recently resigned his university office. He came to Dallas in September, 

1955, to head the newly formed Catholic educational institution which 

now is a fully-functioning university located on a 1,000-acre campus. 

At Texas Instruments, Dr. Brasted reports directly to Dr. Gordon K. 

Teal, TI Assistant Vice-President in charge of the Central Research 

Laboratory. His responsibilities will include budgeting and control, 

engineering services, technical information services, and other ad¬ 

ministrative functions of TPs central research organization. He suc¬ 

ceeds William Love who has transferred to TPs Central Staff Personnel 

division for special assignment. 

Dr. Brasted was born in Danbury, Connecticut. He received his B. A. 

degree at the University of Florida in 1935, M.A. degree at Columbia 

University in 1938, and a Ph.D. degree at New York University in 

1953. Before coming to Dallas, Dr. Brasted served seven years as a 
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member of the Coordinating Committeee and director of the Educa¬ 

tional Department of the National Association of Manufacturers. 

Previously he had headed Fordham University’s college speech de¬ 

partment and held personnel and public relations executive positions 

with other organizations. He is a member of the Public Relations Soci¬ 

ety of America, American Society of Association Executives, American 

Council on Education and the National Catholic Educational Associ¬ 

ation. 
★ ★ ★ ★ 

The University of Texas electrical engineering department has es¬ 

tablished a new research laboratory to study electronic properties of 

materials used in the space-age field of solid-state electronics. A $12,- 

500 contract with the U.S. Air Force Air Research and Development 

Command helped initiate the Electronic Materials Research Labora¬ 

tory. Dr. William H. Hartwig will direct the contract research. Dr. 

Hartwig, World War II Los Alamos Atomic Bomb Laboratory staff 

member, termed the study of semi-conducter and solid-state electronics 

a “frontier field.” Many materials used in the semi-conductor devices 

are “new and unusual—never before fabricated.” For example, elec¬ 

tronics engineers are using alloys of indium and antimony, gallium 

and arsenic, or lead and tellerium for the new semi-conductor devices. 

Another research goal will be to study electronics noise problems. “At 

present we are receiving faint signals from satellites. We must develop 

means to detect fainter and fainter signals in the presence of unwanted 

signals, or noise,” Dr. Hartwig said. 

★ ★ ★ ★ 

Dr. Earl Engerson, University of Texas geology professor, repre¬ 

sented the U.S. at a meeting of the Commission for the International 

Geological Abstracting Service at Haarlem, Holland, in September. Dr. 

Ingerson and other scientists studied the possibilities of initiating an 

international journal that would abstract results of research in the 

earth sciences. He also participated in meetings of the Geochemical 

Commission of the International Union of Pure and Applied Chemis¬ 

try in Munich, the International Mineralogical Association in Zurich, 

and the German Mineralogical Society at Wetzler. 

★ ★ ★ ★ 

Four college professors are serving as consultants and conducting 

research and engineering studies with Humble Oil & Refining Com¬ 

pany at Baytown, Texas, this summer. In Technical Division Dr. L. 

W. Morgan, associate professor of petroleum refining engineering at 

Colorado School of Mines, is working and consulting on problems in 
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instrumentation and control, and Dr. J. B. West, associate professor of 

chemical engineering at Oklahoma State University, in extraction 

processes for lubricating oil manufacture. In Research and Develop¬ 

ment Division, Dr. R. F. Curl, assistant professor of chemistry at Rice 

Institute, is consulting and conducting research on problems in molec¬ 

ular spectroscopy, and Dr. H. F. Rase, associate professor of chemical 

engineering at The University of Texas, on problems in catalytic 

cracking, aromatization and reforming. 

★ ★ ★ ★ 

Dr. John J. Biesele, University of Texas zoologist who specializes in 

cancer research, spoke at the invitation of the French National Center 

of Scientific Research in France recently. Dr. Biesele reported on his 

research at the 88th International Colloquium sponsored by the French 

National Ministry of Education at the Histology Laboratory in Mont¬ 

pellier. He and other scientists from the U.S., Belgium, England, Ger¬ 

many, Poland, Sweden and Switzerland, presented papers on the gen¬ 

eral topic: effects of chemicals on mitosis—cell division. Dr. Biesele 

joined the University staff last September after 11 years at Sloan- 

Kettering Institute for Cancer Research in New York City. He made a 

major contribution to knowledge of cell growth with his book, “Mitotic 

Poisons and the Cancer Problem,” published last year. Poisons affect¬ 

ing cell division would help slow down the malignant cell growth. 

★ ★ ★ ★ 

The University of Texas’ new graduate astronomy program will 

move a step forward on a $40,000 grant from the National Science 

Foundation. The grant will provide for a new type of instrument— 

similar in design to a radio telescope—at McDonald Observatory near 

Fort Davis. Other expected NSF grants would further boost the co¬ 

operative astronomy teaching and research program between the Uni¬ 

versity of Texas and the University of Chicago. McDonald Observa¬ 

tory already has the world’s fourth largest optical telescope. The 

astronomers have plans for three infrared-microwave telescopes. The 

telescopes, plus microwave attachments, will form the nucleus of an 

infrared-microwave facility, “The most advanced equipment of its 

kind in the world,” said Dr. Frank N. Edmonds, University astronomer 

and assistant to Professor Gerard P. Kuiper, chairman of the program. 

The University hired famed Dutch Engineer B. G. Hooghoudt of 

Leiden as consultant on the telescope construction project. Hooghoudt 

has designed major mechanical components for radio telescopes at ob¬ 

servatories in the Netherlands and South Africa. 

The first telescope will consist of a 10-foot, high-precision “dish” 
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which will serve as a reflector. This parabolic dish collects and focuses 

on a detector the infrared light and microwave radiations from astro¬ 

nomical objects. The signals measured by this detector are then ampli¬ 

fied, recorded and analyzed, Dr. Edmonds explained. The 10-foot 

reflector will be built in England by the Precision Metal Spinnings 

Company. Yerkes Observatory technicians will handwork the reflector 

down to a greater accuracy than commercial companies are able to 

obtain. Aims are to construct a “dish” reflector that will have great 

accuracy and stability to maintain that accuracy under adverse 

weather conditions. The first telescope will be semi-portable so it can 

be transported to other observation points at higher altitudes. Specia¬ 

lists from the University’s Electrical Engineering Research Laboratory 

who will collaborate on installation of microwave attachments on the 

telescope will be Dr. Archie W. Straiten, director; John R. Gerhardt, 

assistant director, and Charles W. Tolbert, systems development 

specialist. 
★ ★ ★ ★ 

Dr. N. A. McNiel, assistant professor of genetics, has been selected 

by the Student Agricultural Council of Texas A. and M. College as 

outstanding professor in the college’s School of Agriculture. The Stu¬ 

dent Agricultural Council is an organization comprised of the presi¬ 

dent and one representative of each of the 14 agricultural clubs on the 

campus. An award, a desk set inscribed with “Presented To Out¬ 

standing Professor, School of Agriculture, 1958-59, Student Agri¬ 

cultural Council,” was presented in May when the Student Agricul¬ 

tural Council met for a barbecue at the home of Dr. R. C. Potts, assist¬ 

ant dean of agriculture. The presentation was by Arlon M. Scott of 

Devine, president of the Council. Dr. McNiel was born in Moody in 

McLennan county and graduated from Moody High School. He gradu¬ 

ated from Texas A. and M. College in 1935 with a R.S. degree in agri¬ 

culture. From 1935 to 1941, he taught vocational agriculture in San 

Gabriel and Alvin high schools. He entered the Army in 1941 as a 

first lieutenant, served in China and was discharged in 1946, with the 

grade of major. Following the war, Dr. McNiel served for about three 

years as teacher and supervisor of the McLennan County Vocational 

School in Waco. 

He then returned to A. and M. College for graduate study, receiv¬ 

ing his M.S. degree in agricultural education in 1952 and his Ph.D. in 

genetics in 1955. His doctorate research work was regarded as an out¬ 

standing contribution to the science of animal breeding in that it breaks 

the selection of outstanding breeding animals down to mathematical 

relations. After receiving his Ph.D. Dr. McNiel served for a year and 



SCIENCE IN TEXAS 379 

a half in Pakistan as an education advisor in the program of the Inter¬ 

national Cooperation Administration. He returned to A. and M. Col¬ 

lege in 1957 to join the staff of the Genetics Department as an assistant 

professor. He is a member of the American Genetics Association and 

the American Dairy Science Association. 

★ ★ ★ ★ 

“Cottonseed and Cottonseed Based Industries—Their Place in the 

Economy of Texas” is a new publication of the University of Texas 

Cotton Economic Research and the Cotton Research Committee of 

Texas. The 40-page bulletin tells how the market for cottonseed prod¬ 

ucts is an “outstanding example of a man-made market.” For example, 

crude cottonseed oil has made “possible and profitable” the develop¬ 

ment of a substantial number of food-manufacturing industries in 

Texas. Free copies of the bulletin may be obtained from Cotton Eco¬ 

nomic Research. P. O. Box 8020, University Station, Austin 12, Texas. 

★ ★ ★ ★ 

Dr. Leon J. Slutsky, University of Texas chemistry instructor, has 

received a $2,000 Frederick G. Cottrell grant-in-aid from the Research 

Corporation of New York City. The grant will aid Dr. Slutsky in his 

research on low temperature elastic properties of solids. Dr. Slutsky, 

who joined the University staff in 1957, was formerly a research as¬ 

sociate of the Massachusetts Institute of Technology. 

★ A ★ ★ 

Six biologists spoke to the Summer Science Institute biology class at 

Baylor University, announced Dr. Floyd Davidson, class instructor. 

Dr. Howard T. Odum, University of Texas Institute of Marine Science 

at Port Aransas, lectured on July 3. Dr. Odum, an oceanography 

authority, is a former professor at Duke University and member of the 

Atomic Energy Commission staff. He holds the Ph.D. from Yale Uni¬ 

versity. Other biologists lecturing at Baylor this summer included Dr. 

Omer Sperry, Texas A. and M. professor, July 7-8; Dr. Eugene Crow¬ 

der, Oklahoma University, July 21-22; Dr. Hilda Rosene, University 

of Texas, July 28-29; and Dr. L. P. Johnson. Drake University, July 

31. 

Dr. Sperry is a specialist in plant ecology. Dr. Crowder lectured on 

“Metabolism in Animals.” Dr. Rosene’s subject was “Bioelectric Fields 

and Growth.” Dr. Johnson spoke on protozoology. Dr. George C. Kent, 

Jr., professor of zoology at Louisiana State University, spoke on 

“Hormones in the Flux of Life” to the Institute biology students June 

23-24. An authority on reproduction physiology in hamsters, Dr. 

Kent lectured and conducted a demonstration on the subject before 
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the Baylor class. He has served as president of the Association of 

Southeastern Biologists and is now president of the Louisiana Academy 

of Science. 
★ ★ ★ ★ 

Three University of Texas botanists have received National Science 

Foundation grants totalling $49,100 for support of basic research. Dr. 

B. L. Turner received $22,200 for a three-year study of chromosome 

variations in little-known plants from the sunflower family which he 

and his assistants will collect from Mexico, Central America and the 

West Indies. Dr. Addison E. Lee received $16,700 for a three-year 

study of the growth and development of excised roots of tomato seed¬ 

lings carrying different gene mutations. Dr. Walter V. Brown received 

$10,220 for a two-year study of arid land grasses from the Southwest, 

and from India, Australia and Africa. 

Very little is known about the species of sunflower plants Dr. Turner 

will investigate. The plants are an “exceptional group for study,” Dr. 

Turner said, because 52 of the 60 major groups of that family can be 

found in North America. Only a few are found on other continents. 

The plants are most characteristic of the desert and semi-arid regions 

of the southwestern U.S. and Mexico. Dr. Lee will experiment with 

tomato seeds with known gene differences. By studying roots cut from 

the different seedlings, he will try to determine growth and develop¬ 

ment patterns in the presence or absence of different genes. “The 

more we know about growth and development, the more likely we 

will be able to control those factors in plants valuable to man,” Dr. 

Lee said. He will compare the growth patterns of seeds containing 

genes which cause the plants to be dwarfed with seeds that produce 

normal-sized plants. He also will study differences in roots produced 

from seeds carrying X-ray induced mutants with seeds carrying non- 

mutated genes. Dr. Brown, in his research on arid land grasses, will 

work from the hypothesis that one aspect of drouth resistance involves 

the stomata—small openings in the waxy covering of grass leaves. The 

stomata normally open during the day and release water vapor from 

the plant. In preliminary research he discovered that the stomata of 

many wild grasses in semiarid regions do not open, and therefore, do 

not release moisture. This may explain why the desert grasses are able 

to survive, Dr. Brown said. This “unusual situation” is a form of 

adaptation for survival which is “probably genetically-controlled,” 

Dr. Brown continued. He will study grass leaves of different ages— 

under various season conditions, in dry and moist soils, and at different 

times of day and night. 
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The Texas Engineering Experiment Station’s heat power research 

program has been energized and expanded to accommodate a wide 

range of problems. Heat power is that branch of engineering concerned 

primarily with the useful application of thermodynamics, fluid dy¬ 

namics and heat transfer. While the field is usually associated closely 

with mechanical engineering, there are common interests also with 

chemical, aeronautical, petroleum and nuclear engineering. Research 

in heat power ranges from investigations in fundamental engineering 

science to the development and testing of useful machines and appa¬ 

ratus. Although this represents a broad scope of research activity, the 

work is united by having a common nucleus of information and can 

be conducted by a single topical organization. Creation of a Heat 

Power Division in mid-195 7 by the Texas Engineering Experiment 

Station consolidated the formerly separate activities of heat transfer 

research, cooling tower research and testing, and fan testing. The 

physical plant of operations now consists of these three laboratories. 

Donald M. Vestal, Jr., is the Heat Power Division’s supervisor. Labora¬ 

tory heads are Billie J. Fluker, who heads heat transfer and cooling 

tower activities and Charles E. Neelley, who has charge of fan testing. 

The various experiments now involve heat transfer and fluid dy¬ 

namics in fixed and fluidized porous media, fan and cooling tower 

performance, and natural soil temperatures. New research areas to be 

entered as endeavors as soon as qualified leaders can be employed are 

boiling heat transfer, turbomachinery, and convection heat transfer. 

During the coming biennium, air conditioning research activities will 

be resumed and consolidated with the cooling tower research. Services 

to industry in Texas and elsewhere have included special tests of heat 

exchange equipment and prefabricated ducts, and standard tests of 

fans and cooling towers. Special tests are performed as required. About 

two per month is an average. Standard fan tests average about two or 

three per week for various manufacturers. Also, standard cooling tower 

tests are completed at intermittent periods. It is hoped to expand serv¬ 

ices such as these, where an impartial laboratory is required, by adding 

facilities for testing and development work on air conditioning units 

and on air filters. 

The researchers teach graduate and undergraduate courses in 

mechanical and aeronautical engineering at Texas A. and M. College. 

A new graduate mechanical engineering course in basic fluid dynamics 

and heat convection was written and is being taught by them. Also, 

several graduate theses in mechanical engineering are supervised and 

conducted as heat power endeavors. Professional activities of personnel 
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include the chairmanship of a National American Standards Associa¬ 

tion subcommittee on the performance analysis of cooling towers. 

★ ★ ★ ★ 

The University of Texas has received a $40,000 grant from the 

Rockefeller Foundation of New York City to support research in 

genetics. Dr. Wilson S. Stone, zoology professor and Genetics Founda¬ 

tion director, said the grant will help support research already in 

progress on biochemical genetics and studies of the fruit fly, Dro¬ 

sophila. The grant also may be used “to initiate any new research 

project we desire to develop,” Dr. Stone added. 

* * * ★ 

A University of Texas mathematics professor. Dr. Alfred Schild, 

played a vital role in the theoretical development of an “atomic clock,” 

being perfected by Hughes Aircraft Company for launching with a 

satellite. Dr. Schild worked on the phase of the project dealing with 

Einstein’s general theory of relativity. The atomic clock will be used 

to give Einstein’s theory the most searching test of its 43-year history. 

For years physicists have been looking for more checks and tests of 

the theory which they consider not fully established, but probably 

true. Dr. Schild worked on the Hughes project last summer and con¬ 

tinues as consultant. 

The atomic clock is described as the “most accurate instrument 

package” yet built by man. The clock, a 30-pound unit to be fitted in 

a satellite, will be synchronized with a similar clock on earth. The 

space clock will transmit its time readings by radio to a ground station. 

The difference between the readings of clocks flown at various heights 

will check both general and special relativity theories. Once the 

general-relativity theory is established by experiment, scientific under¬ 

standing of the structure of the universe will be advanced with far- 

reaching consequences. One effect of the experiment will be proof of 

the part of the relativity theory predicting the “clock or twin paradox.” 

Dr. Schild said for example, if one twin brother takes a long, fast ride 

in a space ship, he would return to earth to find his brother much older. 

The relativity theory predicts that, because of the extreme speed, a 

clock as well as all the traveler’s bodily chemical processes would run 

slowly. Dr. Schild describes this clock paradox in a recent article in 

the American Mathematical Monthly. An actual satellite-clock launch¬ 

ing by Hughes still is several years away. Dr. Harold Lyons, head of 

Hughes atomic physics department, is in charge of the atomic clock 

project. 



Affairs of The Texas Academy of Science 

The National Science Foundation has given the Texas Academy of 

Science a grant for “A Visiting Lectureship in Mathematics” for the 

school year 1959-60. This program will provide lecturers and con¬ 

sultants for selected schools. The program also includes certain area 

conferences of mathematics teachers in different parts of the state. It 

is hoped that some of the lectures and conferences can be used to sup¬ 

plement the various local efforts to improve the mathematical content 

and instruction in the schools. Requests and inquiries should be sent 

to the Director of the program, W. T. Guy, Chairman, Department of 

Mathematics, The University of Texas, Austin 12, Texas. 

★ ★ ★ ★ 

Dr. William W. Milstead has resigned from his position as an asso¬ 

ciate editor. He has joined the faculty of the University of Kansas City. 

He was formerly associated with Texas Technological College. Dr. 

Thomas E. Kennerly, Jr., of Baylor University has been appointed to 

replace Dr. Milstead as reviewer for papers in the Biological Sciences. 

Dr. Milstead has been very generous with his time in carrying out the 

time consuming review work. Thanks are due to him for these services 

to the Academy. Likewise Dr. Kennerly is due thanks for assuming 

these duties. 

★ ★ ★ ★ 

The last issue of the Texas Journal of Science announced the Visiting 

Scientist Program of the Texas Academy of Science which is spon¬ 

sored by the National Science Foundation. The membership of the 

Academy has been solicited for nominations for the approximately 

thirty visiting scientists who will be selected to visit high schools in the 

state. 

The response of the membership has been outstanding. Approxi¬ 

mately 500 nominations were received and 90% or more of the indi¬ 

viduals nominated have indicated their willingness to participate in 

the program if selected by the Steering Committee. The Steering Com¬ 

mittee is composed of the members of the Academy Board of Directors. 

Selection of the visiting scientists will be made as soon as the nomi¬ 

nations have been processed. After the selection has been made a bro¬ 

chure listing the visiting scientists and describing the program in detail 

will be distributed to all of the high schools in the state. Requests for 

visits can then be made by high school officials to the program director, 
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Dr. Addison E. Lee, Director, Science Education Center, The Univer¬ 

sity of Texas, Austin 12, Texas. 

★ ★ ★ ★ 

The annual meeting of The Texas Academy of Science will be held 

at Austin on December 10-12, 1959, with The University of Texas as 

the host institution. A very interesting program is being prepared in¬ 

cluding invited addresses, technical paper sessions galore, open labora¬ 

tories, banquets, banquet speakers, facilities and times for chatting 

with fellow scientists, teachers, and students, etc. Inquiries about 

special arrangements should be sent to W. T. Guy, Chairman, Local 

Arrangements Committee, The University of Texas, Austin 12, Texas. 
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The Mammals of Eastern Texas 

by HOWARD McCARLEY 

Southeastern State College, Durant, Oklahoma 

INTRODUCTION 

Fifty-four years have elapsed since publication of the only compre¬ 

hensive survey of the mammals of the eastern part of Texas. This 

publication, The Mammals of Texas by Vernon Bailey (1905), was 

the result of investigations by Bailey and his co-workers under the di¬ 

rection of the U. S. Biological Survey. Bailey’s publication dealt not 

only with the mammals of eastern Texas but with those of the entire 

state, as well as with the vegetation, lizards and snakes. There have 

been many changes in eastern Texas since Bailey’s work, not only in 

the actual number of species present but also in the ecology of the 

region. These changes have been largely brought about by the activi¬ 

ties of man. Since 1905, various workers have worked with small 

segments of the mammalian fauna. Most prolific of these workers has 

been W. B. Davis who pointed out the great amount of geographic 

variation and clarified the geographic ranges of several eastern Texas 

forms. 

Since no recent list of the mammals of eastern Texas is available, it 

is believed that such a publication is desirable. The purpose of the 

present paper is not only to note present geographic and ecologic 

distribution but also to record some of the changes which have taken 

place in the mammalian fauna of eastern Texas since the early 1900’s. 

Obvious gaps in knowledge of certain species are also pointed out. 

W. F. Blair and W. B. Davis allowed me to examine specimens 

under their supervision and supplied data about some species. Daniel 

W. Lay, Rollin H. Baker and Phil D. Goodrum were helpful with in¬ 

formation about some of the less well known mammals. Many land- 

owners and other individuals were most kind in allowing trapping 

and field work on their properties. Funds to finance the necessary 

travel and field trips were largely supplied by Stephen F. Austin State 

College, Nacogdoches, Texas. 

REGION STUDIED 

The geographic area under consideration involves an area of ap¬ 

proximately 38,000 square miles. Generally, the area lies along or 
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Fig. 1. The East Texas Region (enclosed by heavy lines), including the distribution of: 

(1) the pine forest, (2) the pine-oak forest, (3) the oak-hickory forest and (4) the coastal 

prairie. 
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slightly east of the 96th Meridian (Figure 1). Specifically it extends 

from the Red River in the north to the Gulf of Mexico in the south. On 

the east the region is limited by the Texas-Louisiana border. On the 

west the region is limited in the northern and central parts by the 

blackland prairie of central Texas. From Robertson County south¬ 

ward. the Rrazos River is considered a delimiting line. In general, the 

area bounded by these lines is known as “East Texas” and will be 

referred to as such in this paper. 

The topography of the region is generally hilly except in the south¬ 

ern part where it is comparatively flat and poorly drained. The surface 

geology includes formations ranging from Cretaceous in the north to 

Pleistocene in the south. The soils of the uplands of most of the 

timbered regions of East Texas are of the Norfolk-Ruston series and 

are derived from unconsolidated beds of sands and sandy clays. The 

soil of the coastal prairie is a black waxy clay of the Lake Charles- 

Crowley and Hockley-Katy series (See Figure 2 for the distribution 

of these soil types). The soil of the floodplains is generally an alluvial 

loam of the Ribb and luka series and is dark gray in color and very 

compact. 

The average annual temperature of the region ranges from 64 °F. in 

Red River County in the north to 69°F. along the upper coast. The 

average length of the growing season ranges from 234 days in the 

north to 266 days in the south. The average annual rainfall ranges 

from a low of 38-39 inches in the western part to a high of approxi¬ 

mately 50-55 inches in the extreme southeastern part. The prevailing 

wind is from the south. 

VEGETATIONAL ENVIRONMENTS 

The East Texas area, as it is here considered, lies partly in the Aus- 

troriparian biotic province and partly in the Texan biotic province of 

Dice (1943) and Rlair (1950). 

The region is generally considered to be composed of four distinct 

vegetational types (Tharp, 1926). These are (1) the pine forest, (2) 

the pine-oak forest, (3) the oak-hickory forest and (4) the coastal 

prairie. The distribution of these vegetational types is shown in Figure 

1. 
The pine forest is characterized by the occurrence of long-leaf pine 

(Pinus palustris), loblolly pine (P. taeda), and short-leaf pine (P. 

echinata), listed in the order of their decreasing abundance. These 

three species are considered by Tharp (1926) to be the climax vegeta¬ 

tion of the pine forest of eastern Texas. Most of the virgin long-leaf 

has been cut and in some areas the appearance of the vegetation has 

been vastly changed. At present, long-leaf pine is present in extensive 
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Fig. 2. The distribution of the soil types of eastern Texas. 
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stands only in Tyler, Jasper, Hardin, Newton and parts of Polk, San 

Jacinto, Liberty, Angelina, San Augustine and Sabine counties. Scat¬ 

tered throughout the stands of the three species of pine at present are 

various other woody species which rarely predominate except in dis¬ 

turbed areas. Generally, post oak (Quercus stellata), blackjack (Q. 

marilandica) and wax myrtle (Myrica cerifera) are the present sub¬ 

dominants. The pine forest is also characterized by the occurrence of 

numerous poorly drained, comparatively low areas. These lowlands 

are most conspicuous in the southern part of the region, particularly in 

Hardin County. Here, as is the case with most of the lowlands of this 

region, magnolia (Magnolia grandiflora and M. glauco), black gum 

(.Nyssa sylvatica), water oak (Quercus nigra), willow oak (Q. phel- 

los), red oak (Q. falcata) and sweet gum (Liquidambar styraciflua) 

make up the dominant vegetation. Because of the dense growth of 

woody vegetation, these lowlands are referred to as the “big thicket.” 

The elevation of the pine forest region varies from about 25 feet above 

sea level in the south to about 250 feet in the north. 

The pine-oak forest is considered by Tharp (1926) to be an ecotone 

between the pine forest and the oak-hickory forest. The pine-oak forest 

is characterized by the occurrence of loblolly pine, short-leaf pine, 

post oak, blackjack and hickory {Carya sp.)„ Tharp recognizes the 

post oak and blackjack as the climax vegetation of the pine-oak forest. 

At present, however, the loblolly and short-leaf pine are generally 

dominant. The floodplains of the various rivers and streams support a 

growth of woody vegetation which consists mostly of hardwoods. 

Water oak. willow oak, sweet gum, tupelo, white oak (Quercus alba), 

river birch (Betula nigra), red oak and blue beech (Carpinus carolini- 

ana) are the present dominants. The topography of this forest region 

is gently rolling to hilly. The elevation above sea level varies from 

about 250 feet in the south to about 475 feet in the north. 

The oak-hickory forest of East Texas extends as a narrow strip be¬ 

tween the pine-oak forest and the blackland prairie of central Texas. 

It extends from the Red River in the north to beyond the confines of 

this study in the south. The one species that is dominant throughout 

the better drained areas is the post oak. Blackjack and hickory are 

usually scattered through the stands of post oak. The woody vegeta¬ 

tion of the floodplains in the eastern part of the oak-hickory forest is 

very similar to the floodplain vegetation described for the pine-oak 

forest. In the western part of the oak-hickory belt the vegetation of the 

floodplains consists mostly of species of elm (Ulmus sp.), pecan {Carya 

occidentalis) and cottonwood (Populus deltoides). The topography of 

the oak-hickory forest is gently rolling to hilly, ranging from an eleva- 
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tion of 250 feet above sea level in Red River County to about 350 feet 

in Brazos County. 

Figure 2 shows that in the south-central part of the oak-hickory 

forest and in some cases in the pine-oak forest there are intrusions or 

islands of limestone-derived black clay. These areas do not support the 

typical dominant vegetation of the oak-hickory forest but instead have 

a dominant vegetation typical of the central Texas blackland prairie. 

Various species of bluestems (Andropogon scoparius and A. virgini- 

cus) are the dominants in the undisturbed areas of these black clay 

islands. 

The boundary between the pine-oak region and the oak-hickory 

region is nowhere sharply marked, but is characterized by a gradual 

decrease in pine and an increase in the oaks and hickories. 

The coastal prairie is characterized by flat terrain, black-clay soils, 

and dominant vegetation consisting largely of various species of grasses 

and sedges. Dominants, in undisturbed areas, consist of Panicum spp., 

Paspulum spp., Sporobolus berteroanus, Andropogon tener, Andro¬ 

pogon scoparius and A. furcatus. Several major streams, the Trinity, 

Brazos, Neches and Sabine rivers, drain into the Gulf of Mexico 

through this vegetational region. In the upper parts of the coastal 

prairies these streams have a wooded floodplain characteristic of either 

the pine forest, pine-oak forest or oak-hickory forest, but as they ap¬ 

proach the gulf, the woody vegetation disappears and the streams flow 

through prairies and marshes. The elevation of this region varies from 

near sea level to about 50 feet above sea level near its contact line with 

the pine and pine-oak forests. 

As is presently true of most other geographic areas, the entire East 

Texas region has been ecologically disturbed by man. This disturbance 

has ranged from lumbering and farming operations in the timbered 

regions to overgrazing by livestock in all regions. This has altered the 

natural habitats in many places and has allowed the dispersal eastward 

of some western mammalian species and in other cases reduced the 

abundance of some of the typically eastern mammalian species. 

ANNOTATED LIST OF SPECIES 

This list includes all the species of mammals that are known to occur 

or recently to have occurred in the East Texas Region (except old 

world rats and mice. Rattus and Mus). Species which may exist in the 

region but for which no definite information is available have not 

been included. 

The geographic distribution of each species within the region is 

given in general terms. Literature records are occasionally referred to 
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for this purpose but are omitted when citation would add nothing to 

the overall distribution of the species. The ecologic distribution is 

given in detail only for those species whose ecology is poorly known, 

at least in recorded literature. When a paper of merit dealing with the 

ecology of the species in eastern Texas has previously been published, 

a citation is given. 

Subspecies identification is relegated to the final discussion of each 

species. No attempt has been made at overall revision of the trinomial 

but in cases where it is believed that there has been excessive splitting 

of species populations, attention is called to this fact and in a few 

obvious cases certain subspecies are considered as synonymous with 

others. This is in keeping with the opinions expressed by Burt (1954), 

Doutt (1955) and others attempting to de-emphasize the trinomial. In 

this paper the terms subspecies and race are used synonymously. 

County localities only are given for the specimens examined except 

in those cases where the record in the region is based either on a single 

specimen or a single locality. When a locality lies near the periphery 

of the range it is usually given more precisely than otherwise would 

be the case unless the locality is discussed in the text. 

The arrangement of the species in phylogenetic order follows that 

of Miller and Kellogg (1955). In some cases deviations from the Miller 

and Kellogg list were deemed advisable on the basis of more recent 

publications and in these instances the basis for the deviation is either 

given or cited. 

Eleven hundred and ninety-eight specimens were examined or 

noted from the following collections: Texas Agricultural and Mechan¬ 

ical College, Department of Wildlife Management (AM); Stephen F. 

Austin State College, Department of Biology (SFA); University of 

Texas, Department of Zoolog}^, Texas Natural History Collection 

(UT). Other specimens from eastern Texas are in other museums, 

notably the U. S. National Museum which includes the Fish and Wild¬ 

life Collection. No attempt was made to examine any of these speci¬ 

mens nor to use them for locality records except in instances where 

the presence of the species in the region depended on such specimens. 

Didelphis marsupialis Linnaeus Opossum 

Opossums are widely distributed throughout eastern Texas. Gen¬ 

erally they are found in wooded vegetational communities but they 

may also be found in open fields. Opossums are much more abundant 

than the records below indicate. They are commonly seen killed on the 

highways throughout the eastern Texas area. The ecology and eco- 
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nomic importance of opossums in eastern Texas have been discussed 

by Lay (1942) and will not be repeated here. 

Bailey (1905) considered specimens from the coast region to be 

referable to the race pigra but had no specimens available from the 

northern and central parts of East Texas. Lowery (1943) referred 

specimens from southern Louisiana to this race and specimens from 

the northern part of Louisiana to the race virginiana chiefly on the 

basis of the lighter (gray instead of blackish) color of the northern 

Louisiana specimens. He commented that the advisability of recog¬ 

nizing two subspecies of opossums from Louisiana was doubtful. Davis 

(1944) pointed out that a series of 17 specimens from east-central 

Texas showed a wide variation of color, particularly with reference to 

the amount of black on the tail and white on the toes and ears. 

Hershkovitz (1951) generally regarded pigra as identical with virgini¬ 

ana and Hall and Kelson (1952) stated that pigra intergraded morpho¬ 

logically with virginiana. 

Examination of the specimens listed below (and others killed on 

highways but not saved) indicate that specimens from the southern 

part of eastern Texas are sometimes darker in color and with more 

dusky on the face than specimens from the central and northern part 

of the region but the differences are not consistent. An examination of 

the degree of black on the tail and amount of white on the ears and toes 

and the color of the face of nine specimens (dead on highway) from 

Nacogdoches County shows that in this county there are individuals 

that could be assigned with equal justification to either subspecies. 

Specimens from Bryan and Marshall counties in southern Oklahoma 

(Univ. of Okla. Biol. Sta. Collection) also show this inconsistency of 

characteristics. Consequently, it seems advisable to refer all the opos¬ 

sums of eastern Texas to the subspecies D. m. virginiana Kerr and to 

consider D. m. pigra Bangs as synonymous with D. m. virginiana as 

proposed earlier by Hershkovitz (1951). 

Specimens examined: Anderson Co., 1-UT; Brazos Co., 4-AM; Harris 

Co., 4-AM; Montgomery Co., 1-UT; Nacogdoches Co., 1-SFA; Smith 

Co., 1-SFA; Trinity Co., 1-AM; Walker Co., 4-AM. 

Blarina brevicauda (Say) Short-tailed Shrew 

Short-tailed shrews occur throughout the pine-oak forest and pine 

forest regions of eastern Texas but probably do not occur extensively 

in the oak-hickory belt. These shrews have been collected in both 

upland and lowland wooded environments and also in open pastures. 

Bailey (1905) also found the species in both woods and open fields. 

Bailey (op. cit.) collected one specimen of Blarina from Joaquin 
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and two from seven and eight miles northeast of Sour Lake. He 

referred them to B. b. carolinensis. Later Lowery (1943) described 

B. b. minima from southern Louisiana. Hall and Kelson (1952) 

examined the specimens in the Biological Survey collection from 

Joaquin and Sour Lake and concluded that these three specimens were 

indistinguishable from typical specimens of minima. McCarley and 

Bradshaw (1953) recorded the species as occurring in Cherokee, Har¬ 

rison, Nacogdoches, Rusk, Sabine and Shelby counties and referred 

all specimens from these counties to the subspecies carolinensis. 

The three specimens reported by Bailey (op. cit.) and assigned by 

Hall and Kelson to minima have not been examined during the current 

study but a specimen examined from San Jacinto County is con¬ 

siderably smaller than those from Nacogdoches County and fits the 

size description for minima. A series of 10 specimens from Nacog¬ 

doches County have average external measurements as follows: Total 

length. 94.0 mm.; tail, 18.8 mm.; hind foot, 12.3 mm. These average 

measurements fall in the lower range for carolinensis and the extreme 

upper range given for minima. In my opinion these specimens are 

best referred to carolinensis, as are the specimens from Harrison, 

Henderson, Rusk and Shelby counties. In all probability, the size 

difference reflected by Blarina in Texas and Louisiana should be con¬ 

sidered a north-south clinal trend rather than a difference requiring 

recognition of subspecies. It appears that B. b. minima Lowery occurs 

in the southern part of eastern Texas and B. b. carolinensis (Bachman) 

occurs in the northern and central parts of eastern Texas at least as 

far south as Nacogdoches County. If the two subspecies are valid, 

however, they intergrade completely. 

Specimens examined: Harrison Co., 1-SFA; Henderson Co., Malakoff, 

1-SFA (near western limits of range); Nacogdoches Co., 3-SFA, 

7-UT; Rusk Co., 1-SFA; San Jacinto Co., 1-AM; Shelby Co.. 1-UT. 

Cryptotis parva (Say) Least Shrew 

In the timbered region of East Texas, least shrews occupy only 

those areas that have been cleared of trees and exist as grassy pastures. 

On the coastal prairie they are quite common. The species is widely 

distributed geographically and doubtless occurs in all counties of East 

Texas. Occasionally this species occurs in high population numbers 

(see Davis, 1938, 1940a; McCarley, 1959) but usually these shrews 

are not nearly so common as Reithrodontomys fulvescens, or Sigmodon 

hispidus with which they are usually found. In Nacogdoches County, 

Cryptotis has been collected in fields that have a heavy cover of grass 

of various species, blackberry vines and weeds. 
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I am in agreement with Davis (1941a) who referred shrews from 

eastern Texas to the subspecies C. p. parva (Say). 

Specimens examined: Brazos Co., 13-AM; Bowie Co., 1-AM; Har¬ 

ris Co., 1-AM; Nacogdoches Co., 5-SFA; Panola Co., 1-SFA; Robert¬ 

son Co., 3-AM; Shelby Co., 1-SFA; Washington Co., 1-AM. 

Scalopus aquaticus Linnaeus Eastern Mole 

Moles are widespread and occur commonly throughout all of the 

timbered region of East Texas except in places where heavy clay soils 

are present. They are generally absent from the coastal prairie except 

in the drier sandy soil deposits along some of the streams in the north¬ 

ern part of this vegetational area. 

Davis (1942) believes that there are three main areas of morpho¬ 

logical differentiation of Scalopus aquaticus in eastern Texas. Moles 

from the northern, northeastern and extreme eastern parts are des¬ 

cribed by him as dark in color, large in size and with the hind foot 

exceeding 20 mm. in length. Moles from these areas are considered by 

both Davis (1942) and Jackson (1915) to belong to the subspecies 

pulcher. 

Specimens from Leon, Trinity and Walker counties were described 

by Davis (op. cit.) as extremely small in size with a hind foot not 

exceeding 18 mm. in length, and for which he proposed the name S. a. 

nanus. At the time of description and presently only three adult speci¬ 

mens (females) were available. 

Moles from the drainage basins of the Colorado and Brazos rivers 

are considered by Davis (op. cit.) to be distinct from the above popula¬ 

tions and he described them as an additional subspecies, S. a. cryptus. 

These moles, according to Davis, are medium sized with the hind foot 

in males not less than 18 mm. nor more than 20 mm. in length. Davis 

states that the range of variation of certain cranial characters sug¬ 

gests that cryptus may be nothing more than a population of inter¬ 

grades between pulcher in eastern Texas and texanus (= alleni 

Baker) in southern Texas except for the presence of the small moles in 

Leon, Trinity and Walker counties. 

Excepting the small specimens from Leon, Trinity and Walker 

counties, there are two apparent trends or dines from north to south¬ 

west. The darkest specimens are generally from the northern and 

extreme eastern parts of the region with the lightest colored specimens 

from the Brazos and Colorado river valleys. Paradoxically, however, 

the lightest colored specimen examined was the specimen from Bowie 

County. There is also an apparent trend in size of the animals as a 

progression is made from north to south or southwest with the largest 
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animals in the northern and eastern parts of the region and the small¬ 

est animals in the Brazos and Colorado river valleys. The presence of 

these two apparent dines would indicate that the populations now 

being considered as pulcher and cryptus represent extreme ends of a 

gradient. The presence, however, of the tiny specimens from Leon, 

Trinity and Walker counties interposed between pulcher and cryptus 

indicates that there may be a genetic break in these dines particularly 

with reference to size. The presence of specimens from Cherokee, 

Anderson and Houston counties which are clearly referable to pulcher 

considerably restricts the range of nanus as given by Davis (op. cit.). 

Since the four specimens which are assigned to nanus all came from 

areas which are adjacent to the flood plains of the Trinity River it is 

possible that nanus represents a local population of moles which have 

been adapted by selective pressure to the heavy alluvial soils of the 

Trinity River floodplain. The type locality of nanus was visited on 

March 1, 1959, and attempts were made to secure additional speci¬ 

mens. No specimens were secured at this time, but the diameter of six 

different tunnels averaged about 25 mm. This was considerably 

smaller than the diameter of mole tunnels in Nacogdoches County 

which indicates that the population of small moles known as S. a. 

nanus continues to exist, at least at the type locality. 

Specimens examined: Anderson Co., 6-UT (referable to pulcher); 

Brazos Co., 17-AM (referable to cryptus); Cherokee Co., 4-SFA 

Table 1 

Average and extreme measurements (in parentheses) in millimeters of specimens 

of Scalopus aquaticus from localities arranged generally from north to south. 

No. 
Locality Examined 

Total 
Length 

Length 
of Tail 

Length 
of Hind Foot 

Arkansas 

Pike Co. 9 153.7 (146-170) 24.4 (20-29) 21.6 (20-23) 

Oklahoma 

Bryan Co. 3 146.3 (130-158) 24.3 (24-25) 19.6 (18.8-20.0) 

T exas 

Bowie Co. 1 160 23.0 20.0 

Van Zandt Co. 1 122 19.0 18.0 

Smith Co. 2 137 (120-154) 25.0 (20-30) 19.6 (18.2-21.0) 

Panola Co. 1 157 25.0 15.7? 

Anderson Co. 6 154 (147-160) 25.6 (21-29) 19.4 (17.8-21.0) 

Cherokee Co. 4 158 (141-178) 24.5 (23-27) 17.5 (17.0-18.3) 

Nacogdoches Co. 4 156 (140-167) 26.1 (20-30) 18.4 (16.0-20.1) 

Houston Co. 1 147 32.0 20.0 

Brazos Co. 17 147 (129-173) 24.5 (19-36) 18.2 (16.0-20.0) 
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(referable to pule her); Harris Co., 1-AM (referable to cry plus); 

Houston Co., 1-SFA (referable to pulcher); Leon Co., 1-AM (refer¬ 

able to nanus); Nacogdoches Co., 5-SFA (referable to pulcher); 

Panola Co., 1-SFA (referable to pulcher); Smith Co., 2-SFA (refer¬ 

able to pulcher); Trinity Co.. 2-AM (referable to nanus); Van Zandt 

Co., 1-AM (referable to nanus or pulcher); Walker Co., 1—AM (ref¬ 

erable to nanus). 

Pipistrellus subflavus (F. Cuvier) Eastern Pipistrel 

Comparatively little is known about these bats in eastern Texas. 

Bailey (1905) procured three specimens during the summer months 

from Anderson County around Long Lake. This established the pres¬ 

ence of the species in the oak-hickory belt. The Harris County record 

established the species on the coastal prairie. In January, 1959, a 

colony was found in a sandstone cave four miles south of Garrison in 

Nacogdoches County in the pine-oak forest. Seven individuals were 

seen and captured at that time. The cave was visited again on Febru¬ 

ary 23, 1959, and two more specimens were secured. This occurrence 

coupled with Bailey’s record would indicate that the species is present 

during all months in eastern Texas. 

Pipistrels from eastern Texas are referable to the subspecies P. s. 

subflavus (F. Cuvier). 

Specimens examined: Harris Co., 1-AM; Nacogdoches Co., 4 skins 

and skulls alcoholic and 5 skulls-SFA; Polk Co., 3-AM. 

Eptesicus fuscus (Palisot de Beauvois) Brown Bat 

Eptesicus fuscus was first recorded in eastern Texas by Bailey 

(1905) who collected the species in Marion and Hardin counties. He 

also mentioned it as occurring around the Brazos River. 

The species is probably widespread over all parts of East Texas but 

specimens are not available to verify this. 

Specimens examined are referable to E. /. fuscus (Palisot de Beau¬ 

vois). 

Specimens examined: Trinity Co., 1-AM; Walker Co., 2-AM. 

Lasiurus borealis (Muller) Red Bat 

The red bat is common in all the timbered regions and the coastal 

prairie of eastern Texas. In fact its range extends well beyond the 

oak-hickory belt into central Texas. 

No information is available on the ecology or life habits of this 

species in eastern Texas except that it lives primarily in the forests, 

has been collected at all seasons of the year, and is thus a permanent 

resident. 
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I am following Barkalow (1948) and Coleman (1950) in consider¬ 

ing the red bat distinct from the seminole bat (Lasiurus seminolus). 

All observations of Lasiurus from eastern Texas tend to support the 

viewpoint of Barkalow and Coleman. 

The red bats of East Texas are referable to L. b. borealis (Muller). 

Specimens examined: Brazos Co., 8-AM; Galveston Co., 1-UT; Mont¬ 

gomery Co., 4-UT; Nacogdoches Co., 2-SFA; Panola Co., 2-SFA; 

Walker Co., 2-AM. 

Lasiurus seminolus (Bhoads) Seminole Bat 

Seminole bats have been recorded from Texas only in the extreme 

eastern part of the state. Apparently they are widely distributed 

throughout the pine-oak and pine forest regions, and become less 

abundant toward the oak-hickory region. Bats of this species have not 

been collected in the oak-hickory belt and no records exist for their 

occurrence on the coastal prairie. This does not necessarily imply, 

however, that the species is absent from the latter region. 

Specimens examined: Nacogdoches Co., 3-SFA, 1-UT; Panola Co., 

1—AM; Polk Co., 5-AM; Rusk Co., 1-SFA; Sabine Co., 1-AM; 

Shelby Co., 1-AM; Trinity Co., 1-AM. 

Dasypterus floridanus Miller Yellow Bat 

Yellow bats were not recorded by Bailey (1905) from eastern 

Texas. They have subsequently been taken in East Texas only in 

Harris County on the coastal prairie (Taylor and Davis, 1947). 

Taylor and Davis express the opinion that the species probably 

occurs sparingly throughout eastern Texas. 

Specimens examined: Harris Co., 4 miles n. Huffman, 1-AM. 

Nyctecius burneralis (Rafinesque) Evening Bat 

Evening bats are common in East Texas at all times of the year, at 

least in the central part of the pine-oak region. Generally they are in¬ 

active during the colder months but are observed frequently on warm 

evenings even during January. This species is widely distributed 

throughout all parts of East Texas. Large numbers of these bats have 

been found living under the girders of the viewing stands of Memorial 

Stadium at Stephen F. Austin State College during all seasons of the 

year. 

The subspecies inhabiting eastern Texas is N. h. burner alis (Rafin¬ 

esque). 

Specimens examined: Brazos Co., 2-AM; Nacogdoches Co., 11-SFA; 

Rusk Co.. 4-SFA; Trinity Co., 5-AM. 
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Tadarida mexicana (Saussure) Mexican-freetail 

Bats of this species have been collected in eastern Texas only in 

Brazos County. The specimen from Nacogdoches County reported by 

McCarley and Bradshaw (1953) as Tadarida mexicana has been ex¬ 

amined by W. B. Davis who is of the opinion that the specimen should 

be referred to T. cynocephala. The specimens secured in Brazos 

County were around the stadium at Kyle Field, Texas A & M College. 

The species thus is known to occur only in the oak-hickory forest 

region. 

Specimens examined: Brazos Co., 7—AM. 

Tadarida cynocephala (Le Conte) Eastern-freetail 

This species has not previously been reported from eastern Texas. 

I am grateful to Dilford Carter for permission to examine 8 specimens 

of this species which he collected in the attic of an old church building 

in Pineland. Texas, in 1958. According to Carter more bats of this 

species were present in the church but were not collected. This church 

was visited and examined by Edwin Toole in January, 1959, but no 

living bats of any species were found at this time. A specimen was 

also secured March 17, 1959 in the Science Building on the Stephen F. 

Austin State College campus. 

Specimens examined: Sabine Co., 8-AM; Nacogdoches Co., 2-SFA. 

Dasypus novemcinctus Linnaeus Nine-banded Armadillo 

In East Texas the armadillo is at present one of the commonest 

medium-sized mammals. It occurs in considerable numbers in all veg- 

etational regions. The common occurrence of this species in East Texas 

is a phenomenon that has developed largely within the last 40 years. 

The first report of armadillos in East Texas was that of Bailey (1905) 

who reported them from Houston County and near Navasota, Grimes 

County. The occurrence of the species in these two areas in 1902 and 

1904; respectively, represented unusual distribution records for that 

time. Kalmbach (1944) mentioned the occurrence of an armadillo in 

Walker County in 1902 as reported by Phil D. Goodrum. The species 

apparently reached the western part of Louisiana about 1920 

(Strecker, 1926) or perhaps as early as 1914 (Talmadge and Bu¬ 

chanan, 1954). At least since the early 1920’s armadillos have con¬ 

tinued to increase in numbers and to expand in geographic distribution 

throughout East Texas. They have been common in central East Texas 

since about 1925-1928, although they did not become well established 

and common in the extreme northern tier of counties until within the 

last 18 years. 



MAMMALS OF EASTERN TEXAS 399 

The number of specimens examined is not an indication of the 

abundance or distribution of the species but rather an indication of 

the difficulty of preparation of study skins of the species. 

Armadillos inhabiting East Texas are referable to the subspecies 

D.n. mexicanus Peters. 

Specimens examined: Brazos Co., 2—AM. 

Lepus californicus Gray Jackrabbit 

Jackrabbits are common on the coastal prairie and occur as disjunct 

populations in the oak-hickory and the pine-oak forest regions. The 

problem of jackrabbit distribution in East Texas has been complicated 

by the introduction of individuals in various places so they could be 

coursed with greyhounds. Bailey (1905) reported them from Jefferson, 

Houston, and Bowie counties. A jackrabbit was seen dead on the high¬ 

way in the spring of 1955 in Houston County, 5 miles west of Crockett, 

so the population in this county is apparently still extant. Jackrabbits 

have been reported from Nacogdoches and Cherokee counties but their 

presence there has not been substantiated. In Brazos and Walker 

counties they are present mostly in the prairie type communities, 

which occur on black clay soil. 

The three specimens listed below are referable to the subspecies 

L. c. melanotis Mearns. 

Specimens examined: Brazos Co., 1-AM; Harris Co., 1—AM; Walker 

Co., 1-AM. 

Sylvilagus floridanus (J. A. Allen) Eastern Cottontail 

Cottontails are present and common throughout East Texas in all 

vegetational regions and in all habitats except the aquatic ones. 

They are referable to the subspecies Sylvilagus floridanus alacer 

(Bangs). 

Specimens examined: Brazos Co., 4-AM; Cherokee Co., 1-SFA; 

Smith Co., 1-SFA; Walker Co., 3-AM. 

Sylvilagus aquaticus (Bachman) Swamp Rabbit 

Swamp rabbits are common through the wooded bottom lands of all 

vegetational regions of East Texas. On the coastal prairie they are 

common in the heavy growths of grasses and sedges along the marshes 

and canals. 

Nelson (1909) showed the typical swamp rabbit of East Texas to be 

S. a. aquaticus (Bachman). Present examination of available speci¬ 

mens confirms this identification. Nelson (op. cit.) also discussed the 

presence of S. a. littoralis Nelson in a narrow band along the Gulf 
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Coast west to Matagorda Bay. I have examined specimens of S. 

aquaticus from Harris County (listed below) and Jefferson County 

(freshly killed but not saved) and these were indistinguishable to me 

(in all respects) from typical S. a. aquaticus from other parts of East 

Texas. Consequently all swamp rabbits of East Texas are considered 

to belong to the subspecies S. a. aquaticus (Bachman). 

Specimens examined: Anderson Co., 2-UT; Brazos Co., 7-AM; Harris 

Co., 1-SFA, 2-AM; Limestone Co., 4 mi. n. Grosbeck, 1—AM; Walker 

Co., 2-AM. 

Citellus tridecemlineatus (Mitchell) Thirteen-lined Ground Squirrel 

The thirteen lined ground squirrel has not been definitely recorded 

from East Texas. Bailey (1905) noted the presence of a population at 

Richmond on the western margin of the region presently under con¬ 

sideration in the coastal prairie region. 

Generally the eastern limits of this species in Texas is considered 

to be the eastern edge of the black-land prairie of central Texas. In 

recent years, the clearing of extensive areas of timber in the uplands 

of the oak-hickory belt has created habitats that are favorable to the 

presence of this species. One ground squirrel was observed (crossing 

U. S. Highway 69) 8 miles northwest of Mineola, Wood County. This 

locality is within the limits of the oak-hickory belt. W. V. Robertson 

has told me of their occurrence in western Henderson County near 

the juncture of the oak-hickory and black-land prairie but no speci¬ 

mens were secured. It is known, however, that in Navarro County 

and in southern Oklahoma, these ground squirrels occur in sandy 

soils where the post oak, blackjack and hickory have been removed. 

Sciurus carolinensis Gmelin Gray Squirrel 

Gray squirrels are widely distributed throughout East Texas in¬ 

cluding parts of the coastal prairie region and all of the oak-hickory 

belt that lies along major drainage systems. 

Goodrum (1937) pointed out that in East Texas, gray squirrels 

have a definite preference for poorly drained bottomlands and par¬ 

ticularly the sandy ridges (hammocks) that frequently occur in these 

bottomlands. The gray squirrel, furthermore, requires stands of woody 

vegetation that, while not necessarily virgin, present an almost com¬ 

pletely closed overhead canopy. 

There is little question that much of the suitable gray squirrel habi¬ 

tat throughout East Texas has been and is being destroyed by lumber¬ 

ing operations. In many cases these areas have been populated by fox 

squirrels (Sciurus niger) after the habitat becomes unsuitable for 

gray squirrels. 
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All of the specimens listed below have been examined. The gray 

squirrels of East Texas are fairly uniform in coloration and size and 

are referred to the subspecies S. c. carolinensis Gmelin although the 

specimen from Brazoria County has less rufous on the hind legs and 

feet than specimens from other parts of East Texas. 

Specimens examined: Brazos Co., 2-AM; Brazoria Co., 2-UT; 

Hardin Co., 1-AM; Harris Co., 1-AM; Houston Co., 1-SFA; Nacog¬ 

doches Co., 1-SFA; Panola Co., 3-SFA; Polk Co., 1-AM; Trinity Co., 

10-AM. 

Scuirus niger Linnaeus Fox Squirrel 

Bailey (1905) recorded fox squirrels throughout East Texas and 

the present distribution of the species remains the same today. The 

species is present wherever adequate timbered habitats exist. 

Lowery and Davis (1942) considered all fox squirrels of East Texas 

to be referable to the subspecies S. n. ludovicianus. Examination of the 

specimens listed below reveals that a considerable amount of color 

variation is present both in local populations and from one locality to 

another. The specimens from Henderson County are perhaps better 

assigned to S. n rufiventer E. Geoffroy-Saint-Hillaire as known to me 

by specimens from southeastern Oklahoma and southwestern Arkan¬ 

sas. Generally, however, the fox squirrels of East Texas are fairly 

typical of S. n. ludovicianus Custis. 

Specimens examined: Brazos Co., 7-AM; Burleson Co., 1-AM; 

Harris Co., 5—AM, 1-UT; Hardin Co.. 1-AM; Henderson Co., 2-SFA; 

Nacogdoches Co., 2-SFA; Polk Co., 1-AM; Robertson Co., 1-SFA 

(skull only); Rusk Co., 2-SFA; Shelby Co., 1-SFA; Trinity Co., 8- 

AM; Walker Co., 2-AM. 

Glaucomys volans (Linnaeus) Flying Squirrel 

Flying squirrels are common throughout the timbered regions of 

East Texas and in wooded areas along the streams of the coastal prairie. 

They are found in both upland and lowland wooded habitats wherever 

deciduous forests occur and their abundance seems to be controlled 

more by the quantity of hollow trees and limbs for nesting purposes 

and available food than by the tree species involved. 

Howell (1918) lists G. v. texensis A. H. Howell as the subspecies of 

G. volans occurring in East Texas. The specimens, listed below, fit the 

description given by Howell for texensis. According to Howell’s 1918 

revision, G. v. saturatus A. H. Howell presumably occurs along the 

Red River but a specimen from Texarkana (not seen in the present 

study) was referred by Howell to texensis. 

Specimens examined: Brazos Co., 3-AM; Cherokee Co., 1-SFA; 
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Grimes Co., 1-AM; Henderson Co., 2-SFA; Nacogdoches Co., 2-SFA, 

2-UT; Newton Co., 1-AM; Rusk Co., 1-SFA; Trinity Co., 4-AM. 

Geomys bursarius (Shaw) Plains Pocket Gopher 

Pocket gophers are widely but discontinuously distributed in all 

vegetational regions of East Texas. Because the species is generally 

restricted to sandy soil types, it is rarely found in the heavy clay soils 

of the coastal prairie, the alluvial deposits of some of the floodplains 

or the “islands” of black clay soil in the southern part of the oak-hick¬ 

ory forest region. 

Because of a discontinuous distribution and the presence of isolating 

barriers (unfavorable soil types), this species exhibits a great amount 

of geographic variation throughout eastern Texas. This fact was first 

pointed out by Merriam (1895) and later emphasized by Davis 

(1940b). 

In a study of the distribution and variation of pocket gophers in 

Texas, Davis (op. cit.) described six subspecies from East Texas. Some 

of these intergrade with others and some are apparently completely 

isolated. 

G. b. dutcheri Davis occurs in northeastern Texas and is character¬ 

ized as a small dark brown animal with a narrow rostrum (Davis, op. 

cit.). G. b. brazensis Davis occurs from the Sabine River through the 

central part of eastern Texas into the post-oak belt and southward into 

the Brazos River Valley. Davis characterizes this form as a small, dark 

brown animal, usually with a distinct dorsal stripe and a wide broad 

rostrum. It undoubtedly intergrades with G. b. dutcheri and G. b. 

pratincolus. G. b. pratincolus Davis occurs in the densely forested 

region of southeastern Texas east of the Trinity River and north of the 

coastal prairie. This form is described by Davis as a relatively small 

animal, russet brown in color and usually with a nearly black dorsal 

stripe. It has a short rostrum and widely bowed zygomatic arches. 

This form is, in many respects, quite similar to G. b. brazensis. G. b. 

ludemani Davis is restricted to a few isolated sandy ridges in the south¬ 

ern part of Jefferson and Chambers counties. It is characterized as a 

relatively small dark colored gopher with a large skull. This form 

probably intergrades with pratincolus on the north but the two forms 

are quite distinct. G. b. terricolus Davis is known only from the type 

locality, one mile north of Texas City, Galveston County. Davis de¬ 

scribes this form as relatively large in size with a wide rostrum, and 

more melanistic than its nearest neighbors. G. b. sagittalis Merriam 

is found in the sandy soil along the west side of Galveston Bay. It is a 

small, light brown form with a narrow rostrum. It is apparently com- 
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pletely isolated from other forms by either Galveston Bay or heavy 

clay soils. 

Examination of the specimens of Geomys listed below from eastern 

Texas show that the morphological characteristics which Davis 

(1940b) described are present both in specimens collected some years 

ago and also in more recently collected specimens. It is also apparent 

that, in some cases, there are as many differences among gophers 

which presumably belong to the same subspecies as there are among 

gophers which presumably belong to different subspecies. For example 

gophers from the northern part of Nacogdoches County, collected on 

light colored soils are not significantly different either in size or color 

from dutcheri as it is known to me by specimens from southern Okla¬ 

homa. On the other hand, specimens from the southwestern part of 

Nacogdoches County show many of the characteristics of pratincolus 

and could easily be assigned to that subspecies. On the basis of the cri¬ 

teria of Davis, three or four additional subspecies of pocket gophers 

could be described from eastern Texas. This, however, would simply 

be describing local races and is obviously impractical but it does point 

out the tremendous amount of geographic variation common to pocket 

gophers in eastern Texas. 

The advisability of recognizing six formal subspecies of Geomys 

bursarius from eastern Texas is questioned in keeping with ideas pro¬ 

posed by Burt (1954), Doutt (1955) and others. In order to analyze 

properly the problem of geographic variations in Geomys bursarius 

populations, and recommend any formal changes, more study should 

be devoted to it than has been possible in the present study. Conse¬ 

quently, no formal revision of the subspecific classification of this 

species is here attempted. 

Specimens examined: Anderson Co., 26-UT (brazensis); Angelina 

Co., 3-SFA (brazensis); Brazos Co., 18-AM (brazensis); Chambers 

Co., 2-AM (ludemani); Cherokee Co., 6-SFA (brazensis); Galveston 

Co., 1-AM (terricolus); Grimes Co., 3-AM (brazensis); Hardin Co., 

4-AM (pratincolus); Harris Co., 6-AM (sagittalis); Harris Co., 6— 

AM (brazensis); Harrison Co., 2-UT (dutcheri); Henderson Co., 

4-SFA (brazensis); Houston Co., 1-SFA (brazensis); Jasper Co., 4- 

AM, 2-SFA (pratincolus); Jefferson Co., 8-AM (ludemani); Leon 

Co., 3-AM (brazensis); Liberty Co., 11-AM (pratincolus); Milam 

Co., 4-AM (brazensis); Nacogdoches Co., 11-SFA, 4-UT, 1-AM 

(brazensis); Newton Co., 8-AM, 12-UT (pratincolus); Panola Co., 

4-AM (dutcheri); Polk Co., 2-AM (pratincolus); Robertson Co., 2- 

SFA, 1-AM (brazensis); Rusk Co., 7-SFA, 4-AM (brazensis); Sabine 

Co., 7-AM (pratincolus); San Augustine Co., 3-AM (pratincolus); 
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Shelby Co., 2-SFA, 6-AM (brazensis); Trinity Co., 2-AM (bra- 

zensis); Tyler Co., 5-AM (pratincolus); Walker Co., 4-AM (bra¬ 

zensis); Washington Co., 3-UT (brazensis). 

Perognathus hispidus Baird Hispid Pocket Mouse 

The hispid pocket mouse is relatively common throughout East 

Texas, particularly in well drained areas which are characterized by 

the presence of sandy soils. It is either absent or rare in the southeast¬ 

ern part of the pine-oak forest. 

Generally the species is an inhabitant of open fields but has been 

recorded in Nacogdoches County from a sandy hillside where the 

dominant vegetation consisted of short-leaf pine and black locust 

(Gleditsia sp). The geographic distribution of the species in the eastern 

part of the coastal prairie is uncertain. 

Glass (1947) showed that the pocket mice of the central and south¬ 

ern parts of East Texas are referable to P. h. hispidus Baird and are 

replaced along the Bed Biver in northeastern Texas by P. h. spilotus 

Merriam. 

Specimens examined: Brazos Co., 14-AM; Harris Co., 1-AM; Nacog¬ 

doches Co., 2 and 5 skulls-SFA; Trinity Co., 1-AM; Walker Co., 

3-AM. 

Castor canadensis Kuhl Beaver 

The native beaver of East Texas is apparently extirpated. Bailey 

(1905) reported that around 1902 they were abundant in Polk County, 

in the Trinity River near Long Lake and around Beaumont and Jasper 

in the larger streams but even at that time the species was scarce else¬ 

where. Baker (1956) had no recent records of native beavers. 

There are, at present, a few isolated populations of introduced 

beavers in East Texas. Daniel W. Lay reports the presence of intro¬ 

duced beavers on the Sabine River east of Newton, Black Creek in 

Hardin County, in parts of the Neches, Trinity and Koon Kreek drain¬ 

ages, and a population in Titus County near Mt. Pleasant. 

Oryzomys palustris (Harlan) Rice Rat 

Rice rats are very common in the coastal prairie region and less 

common north of this region. They have definitely been recorded only 

as far north in East Texas as Rusk County but undoubtedly they occur 

sporadically throughout the northern half of East Texas as they have 

been recorded through Louisiana by Lowery (1943), in southeastern 

Oklahoma by Whitaker (1937) and McCarley (1952) and in south¬ 

western Arkansas (specimen collected in 1958 from Little River 

County, Arkansas, now in Stephen F. Austin Collection). 
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In the coastal region, Bailey (1905) reported them common in the 

tall grasses along the bayous. In Nacogdoches County, they have been 

collected in old field communities, sometimes in more or less dry 

situations, but never far removed from water. 

Rice rats in East Texas are referable to O. p. texensis Allen. 

Specimens examined: Chambers Co., 2-UT; Galveston Co., 1—UT; 

Harris Co., 2-AM; Jefferson Co., 6-AM, 10-UT; Nacogdoches Co., 

1-SFA, 1—UT; Rusk Co., 2-SFA; Trinity Co., 4-AM; Walker Co., 

1-AM. 

Reithrodontomys humulis (Audubon and Bachman) Eastern Harvest 

Mouse 

Reithrodontomys humulis was reported by Bailey (1905) to be pres¬ 

ent on the coastal prairie but not common anywhere in that region. 

McCarley and Bradshaw (1953) reported the presence of the species 

in Nacogdoches County in the pine-oak region. The report by Seal- 

ander (1956) of one specimen from Sebastian County in extreme 

eastern Arkansas indicates that the species probably occurs in more 

northerly parts of East Texas than present records now indicate. 

In Nacogdoches County the species has been collected in several 

localities. All sites of capture have been in grassy pastures where the 

herbaceous vegetation formed a dense growth, frequently in associ¬ 

ation with berry vines. It should be added, however, that the species 

was usually not common in any of these areas and many nights of 

trapping were required to obtain specimens. R. humulis was usually 

caught with Cryptotis parva, Blarina brevicauda (occasionally), Reith¬ 

rodontomys fulvescens, and Sigmodon hispidus. 

All specimens listed below are referable to R. h. merriami (J. A. 

Allen). 

Specimens examined: Nacogdoches Co., 7-SFA, 2-UT. 

Reithrodontomys montanus (Baird) Plains Harvest Mouse 

Reithrodontomys montanus is included in the list of eastern Texas 

mammals on the basis of specimens secured in Brazos and Robertson 

counties by W. B. Davis and his students. In these counties the species 

has been found occurring on the dark prairie type soils which support 

a growth of Andropogon scoparius. In all probability the species is 

restricted to this particular habitat type. In several places in the west¬ 

ern part of the oak-hickory belt such prairie communities occur, both 

as “islands” surrounded by large areas of sandy soils and as interdigi- 

tating fingers of limestone derived soil extending into the sandy loams 

of the Norfolk-Ruston group. 
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The specimens are referable to R. m. griseus V. Bailey. 

Specimens examined: Brazos Co., 7-AM; Robertson Co., 11-AM. 

Reithrodontomys fulvescens Allen Golden Harvest Mouse 

The golden harvest mouse occurs widely throughout East Texas 

wherever suitable grassland habitats occur. Bailey (1905) reported 

the species as common along the coastal prairie from Matagorda Bay 

eastward and in the central part of East Texas. The species is partial 

to fields which have a growth of Andropogan virginicus and other 

grasses although it has been taken in woodland communities where the 

trees were spaced widely enough to permit the growth of various 

species of grass. In Anderson County this species was also collected in 

and around the margins of a grassy slough which at the time of col¬ 

lecting contained a considerable amount of standing water. 

The golden harvest mice of East Texas are referred to the sub¬ 

species R. f. aurantius J. A. Allen. 

Specimens examined: Anderson Co., 14-AM, 13—UT; Bowie Co., 

1—AM; Brazos Co., 9-AM; Henderson Co., 3-SFA; Jefferson Co., 5- 

AM; Leon Co., 1-SFA; Nacogdoches Co., 23-SFA, 11-UT; Newton 

Co., 4-UT, 1-SFA; Panola Co., 7-SFA; Robertson Co., 1-AM; Rusk 

Co., 3-SFA; Shelby Co., 1-SFA; Smith Co., 2-AM, 2-SFA; Trinhy 

Co., 4-AM; Walker Co., 7-AM. 

Peromyscus maniculatus (Wagner) Deer mouse 

The presence of this species in the eastern part of the state has only 

recently been verified by W. B. Davis and his students. According to 

Davis (personal communication), this species is limited in its oc¬ 

currence to the limestone derived clay soils in the southern part of the 

oak-hickory belt. The species has also been taken in Navarro County 

just west of the oak-hickory belt and in southern Oklahoma in an ex¬ 

tension of the oak-hickory belt along the Red River (McCarley 1952). 

In both Navarro County and southern Oklahoma the species has been 

found only in grassland communities but on both clay and sandy soil 

types. The species probably will be found to occur elsewhere in the 

open fields of the oak-hickory belt. 

The specimens listed below are similar in all respects to previously 

identified P. m. pallescens J. A. Allen. 

Specimens examined: Brazos Co., 2-AM; Robertson Co., 21-AM. 

Peromyscus leucopus (Rafinesque) Wood mouse 

Wood mice are found in all of the timbered regions of East Texas, 

but they apparently are absent from the coastal prairie region, includ¬ 

ing the forested margins of the streams. At least no specimens have 
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been noted from that area either by Bailey (1905) or the present study. 

Considerable field study of this species (McCarley, 1954a) revealed 

that in the pine-oak and pine forest regions wood mice were restricted 

in their ecologic distribution to upland wooded habitats. In the oak- 

hickory belt the species occurs in both uplands and lowlands, but in 

lowlands only where P. gossypinus does not occur. Occasionally the 

ecologic ranges of P. gossypinus and P. leucopus overlap and in some 

of these areas natural hybrids between leucopus and gossypinus have 

been reported (McCarley, 1954b). 

Specimens of this species from East Texas were not available to 

Osgood (1909) and consequently he was unable to assign the wood 

mice of eastern Texas to any subspecies in his revision of Peromyscus. 

Davis (1939) described a new subspecies, P. L brevicauda Davis, from 

eastern Texas (brevicaudus in original description) with a type lo¬ 

cality of Huntsville, Walker County, Texas. The diagnostic charac¬ 

teristics of this subspecies were that it was similar to P. 1. leucopus but 

much smaller and with a shorter tail. Davis’s description was based 

on 19 specimens from Brazos. Trinity and Walker counties. 

Herrmann (1952), in a study of morphological variation of the 

wood mouse in Texas, pointed out that it was doubtful that P. 1. brevi¬ 

cauda was sufficiently distinct from specimens of P. /. leucopus from 

southern Oklahoma to be considered as a different subspecies. Herr¬ 

mann had specimens of P. /. brevicauda available only from Brazos 

County, but he showed that there was no statistical significance be¬ 

tween this population sample and a population sample of P. /. leucopus 

from Bryan County, Oklahoma in the following comparisons: Body 

length, tail length, bullar length, and molar-row length. Comparisons 

were also made by him of mastoidal breadth. He found a significant 

difference in mastoidal breadth between the two populations but did 

not compare skull lengths. McCarley (1953), however, did demon¬ 

strate that there was no difference in length of skull of specimens 

from Brazos County (25.6 mm) and Bryan County, Oklahoma speci¬ 

mens (25.9 mm). 

Table 2 shows the average dimensions of external measurements of 

8 populations of P. leucopus from several localities in the southeastern 

United States. It can be seen that there are no significant differences in 

exter nal measurements of any of these populations. 

Davis (1939) remarks that specimens of P. leucopus from eastern 

Texas are smaller than leucopus to the west or east of eastern Texas. 

He is correct in the statement that eastern Texas leucopus are smaller 

than central Texas specimens (referable to P. 1. texanus) but it can be 

seen in Table 2 that specimens from southeastern Louisiana are es- 
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Table 2 

Average measurements and standard errors (in millimeters) of population samples 

of P. leucopus. 

Body Tail Foot Ear 

Brazos Co., Tex. 16 88.75 ± 1.85 

Newton Co., Tex. 12 92.9 ± 1.79 

Henderson Co., Tex. 12 87.0 ± 1.62 

Harrison Co., Tex. 4 87.5 

Anderson Co., Tex. 4 90.0 

Alabama 5 98.8 ± 4.03 

S.E. Louisiana 9 88 ± 1.76 

Bryan Co., Okla. 19 85.5 ± 1.02 

65.5 ± 1.73 19.8 ± .57 16.0 ± .11 

67.8 ± 1.70 19.9 dj .23 16.4 ± .26 

60.0 ± 1.83 19.9 ± .16 17.3 ± .17 

61.0 18.6 14.7 

68.0 19.7 15.1 

63.0 ± 1.90 19.4 ± .50 

66.0 ± 1.75 19.8 ± .30 16.2 ± .13 

68.0 ± 1.15 19.7 ± .22 15.1 ± .12 

sentially the same size as those from eastern Texas and in fact some 

population samples from eastern Texas (Newton and Henderson 

counties) have larger average body sizes than the specimens from 

Louisiana or Oklahoma. 

Davis apparently compared eastern Texas leucopus with six speci¬ 

mens reported by Osgood (1909) from Houma, Louisiana. Admittedly 

the measurements of the Houma. Louisiana, specimens (not examined 

in present study) are larger than the measurements of the eastern 

Texas specimens but a larger sample subsequently collected in south¬ 

eastern Louisiana (Louisiana State University Museum of Zoology) 

are not larger than eastern Texas leucopus. The specimens from Ala¬ 

bama are larger and are approaching noveboracensis in size. 

The type locality of P. 1. leucopus is given by Osgood (1909) as west¬ 

ern Kentucky but there is some question whether this is the precise 

area in which Rafinesque collected specimens for the original descrip¬ 

tion of P. 1. leucopus. Osgood, however, left no doubt but that he in¬ 

tended the designation P. 1. leucopus to be applied to the southern form 

of this species and specifically to wood mice from southern Louisiana. 

Because no statistical differences can be shown to exist among 

Louisiana, eastern Texas and eastern Oklahoma specimens of leucopus 

it is proposed that P. leucopus from these regions henceforth be desig¬ 

nated as P. 1. leucopus Rafinesque and that P. 1. brevicauda Davis be 

considered a synonym of leucopus. 

Specimens examined: Anderson Co., 6-UT; Brazos Co., 15—AM, 1— 

UT; Harrison Co.. 4-UT; Henderson Co., 11-SFA, 2-UT; Leon Co., 

3- SFA; Nacogdoches Co., 11-UT, 3-SFA; Newton Co., 10-UT; Polk 

Co., 1—AM; Panola Co., 2-SFA; Robertson Co., 2-AM; Trinity Co. 

4— AM; Walker Co., 12-AM. 
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Peromyscus gossypinus (Le Conte) Cotton Mouse 

In most localities the cotton mouse is the commonest cricetine rodent 

of the woodlands. It is primarily an inhabitant of wooded floodplains 

and consequently has a dendritic distribution in eastern Texas. The 

species is commonest in the pine-oak and pine forest region but does 

occur sparingly on the floodplains in the oak-hickory belt (at least in 

Leon, Henderson and Brazos counties). It has not been definitely 

recorded from the coastal prairie region but probably occurs there in 

wooded areas along the streams. 

It is interesting to note that Bailey (1905) considered this species to 

be one of the' rarer mammals of East Texas, and much trapping was 

required to procure a few specimens. A possible explanation of this 

situation is that during the warmer months of the year the populations 

of this mouse species become quite small due to cessation of reproduc¬ 

tive activities. While Bailey did not so state, it is possible that his 

trapping efforts for this species took place during the summer or early 

fall and at these times the species is generally less abundant that at 

other times. 

There is some geographic variation in color of this species in East 

Texas. Specimens from the northeastern part of the region are bright 

in color while specimens from other parts tend to be dark brown. These 

differences are not distinct nor consistent enough to warrant formal 

differentiation and all specimens from East Texas are referred to P. 

gossypinus megacephalus (Rhoads). 

Specimens examined: Anderson Co., 12-UT; Brazos Co., 2-AM; 

Cherokee Co., 2-IJT, 13-SFA; Harrison Co., 13-UT; Henderson Co., 

7-UT, 22-SFA; Houston Co., 5-UT; Leon Co., 2-SFA; Nacogdoches 

Co., 59-UT, 17-SFA; Newton Co., 10-UT. 2-SFA; Panola Co., 8- 

SFA; Polk Co., 2-UT, 3-AM; Rusk Co., 1—SFA; San Jacinto Co.. 1- 

SFA; Sabine Co., 2-UT; Shelby Co., 3-UT, 1-SFA; Walker Co., 4- 

AM, 3-UT. 

Ochrotomys nuttalli (Harlan) Golden Mouse 

Golden mice have been recorded in the pine-oak and pine forest 

regions but their presence in the coastal prairie region and in the oak- 

hickory forest is doubtful. This mouse species was considered rare in 

eastern Texas by Taylor and Davis (1947) when in actuality it is one 

of the commoner species in the regions mentioned above, at least at 

the present. It occurs primarily in heavily forested floodplains and in 

uplands which have a heavy covering of underbrush (McCarley, 

1958). It is at least partly arboreal in eastern Texas but apparently 
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does not build arboreal nests as have been reported elsewhere (Mc- 

Carley, 1958). 

This form is assigned to the genus Ochrotomys rather than Pero- 

myscus on the basis of evidence submitted by Blair (1942) and Hooper 

(1958). In addition to the distinctness shown by the phallus and bac- 

ulun of nuttalli, there are other more subjective differences between 

nuttali and other species of Peromyscus. The fronto-nasal portion of 

the si ull of nuttalli is more rounded and the species has a distinct odor 

which is difficult to describe but unlike any other “Peromyscus” with 

which I am familiar. 

Golden mice of eastern Texas are referable to the subspecies O. n. 

flammeus (Goldman). 

Specimens examined: Anderson Co., 5-UT. 1-SFA; Cherokee Co., 

4-SFA; Harrison Co.. 1-SFA; Nacogdoches Co., 11-SFA, 5-UT, 1- 

AM; Rusk Co., 2-SFA. 

Baiomys taylori (Thomas) Pigmy Mouse 

Pigmy mice are found commonly on the coastal prairie eastward 

from Matagorda Bay (Bailey, 1905). They also occur in Brazos and 

Walker counties. The latter county is included on the basis of one 

specimen secured in 1936 by W. P. Taylor. In East Texas this species 

occurs only in open grasslands. In all probability, Walker County 

represents the approximate northern limits of the distribution of this 

species in East Texas. This supposition may prove to be in error as 

Robert L. Packard has recently advised me (personal communication) 

that he secured two specimens of Baiomys from Dallas County. This 

locality is considerably north and west of the region under discussion 

and is in the blackland prairie of Central Texas. 

All Baiomys examined from eastern Texas are referable to the sub¬ 

species B. t. subater (V. Bailey). 

Specimens examined: Brazos Co., 4-AM; Walker Co., 1-AM. 

Sigmodon hispidus Say & Ord Cotton Rat 

Cotton rats are widely distributed throughout East Texas and are 

common in the grassy pastures of the coastal prairie. In the oak- 

hickory, pine and pine-oak regions they are largely confined to open 

fields, either cultivated or those which have grown up in grass and 

weeds but where the successional stage is not advanced enough to 

include large woody vegetation. Halloran (1942) described the nest 

of cotton rats in Brazos County, Texas, as made of chopped grass culms 

and blades. 

Population size (density) of cotton rats in East Texas is character- 
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istically somewhat cyclic. Observations indicate that from 1950-1955 

the populations of these rats were neither large nor small. From 1955— 

1957 the population was extremely low, but in 1958 and the early 

months of 1959 the population had increased and was extremely high. 

Cotton rats of East Texas are referable to S. h. texianus (Audubon 

and Bachman). 

Specimens examined: Anderson Co., 1—UT; Brazos Co., 6-UT, 17— 

AM; Chambers Co., 3-UT; Cherokee Co., 3-SFA; Galveston Co., 2- 

AM, 1—UT; Gregg Co., 3-UT; Harris Co., 1-AM, 1-UT; Henderson 

Co., 6-SFA; Jefferson Co., 3-UT; Nacogdoches Co., 5-SFA; Rusk Co., 

7-SFA; Shelby Co., 1-SFA; Smith Co., 1-AM, 2-SFA. 

Neotoma floridana (Ord) Wood Rat 

Wood rats are locally common throughout the timbered region of 

East Texas, including the oak-hickory belt and timbered drainage 

systems of the upper coastal prairie. But apparently they are absent 

or at least not common in the coastal prairie. 

Bailey (1905) reported wood rats as common in thick woods and 

around old buildings. In the central part of East Texas they have been 

found more recently not only around old buildings but also around 

trash and refuse heaps. In undisturbed areas they have been caught at 

the bases of hollow trees and around the root systems of uprooted trees 

where they apparently had excavated a den among the roots. They 

have also been found denning in holes in clay banks in gullies and 

other erosion systems. In Nacogdoches County, at least, the species is 

spotty in its distribution and is absent from many apparently suitable 

areas. 

Examination of the specimens listed below indicates that there is a 

considerable amount of color variation in wood rats of East Texas. 

Specimens from Brazos and Robertson counties in the oak-hickory belt 

are best assigned to N. f. attwateri Mearns. Those from Walker, 

Trinity, Polk, Cherokee, and Nacogdoches counties are fairly typical 

of N. f. rubida Bangs and are best assigned to that subspecies. A speci¬ 

men from Bowie County in extreme northeastern Texas was con¬ 

sidered by Kelson (1952) to be an intergrade between N. f. osagensis 

Blair and N. /. illinoensis A. H. Howell but best assigned to illinoensis. 

Baker (1942) reports A. /. osagensis from Hunt County, just west of 

the oak-hickory belt but since this was a sight record no specimen is 

available for examination. 

It would appear that wood rats from the southern and central part 

of the pine-oak belt are best referred to rubida and those from the 

southern part of the oak-hickory belt to attwateri. Specimens from the 
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northern part of the pine-oak belt probably will be referable to illinoen- 

sis when adequate specimens are available as Lowery (1943) assigned 

wood rats from northern Louisiana to that subspecies. Specimens are 

not available from the northern part of the oak-hickory belt. 

Specimens examined: Brazos Co., 4-AM; Cherokee Co., 2-SFA; 

Henderson Co., 2-SFA; Nacogdoches Co., 1-SFA; Robertson Co.. 2- 

AM; Polk Co., 5-AM; Trinity Co., 1-AM; Walker Co., 1-UT, 5-AM. 

Pedomys ludovicianus (V. Bailey) Prairie Vole 

This species is known from Texas from only a single specimen 

secured by Vernon Bailey (Ned Hollister actually trapped the speci¬ 

men) in the coastal prairie region at Sour Lake. The species was also 

collected about the same time from just east of Lake Charles, Louisiana. 

Subsequent attempts to collect this species, both in Louisiana and 

Texas, have been unsuccessful. Consequently the status of this species 

is in doubt. 

Hall and Cockrum (1953) regard this form as Microtus ludovicianus 

and Burt (1952) considers it as Microtus ochrogaster. I am following 

Miller and Kellogg (1955) in considering it as Pedomys. 

Pity my s pinetorum (Le Conte) Pine Vole 

Pine voles have been previously recorded from only four localities 

in Texas. In East Texas they were recorded from the pine-oak forest 

region by Bailey (1905) who obtained two specimens from Marion 

County and by McCarley and Bradshaw (1953) who found them in 

Nacogdoches County. Additional records (given below) indicate that 

the species probably is found throughout the central and northern part 

of the pine-oak region. The occurrence of the species in Gillespie 

County (Bailey, 1905) and Kerr County (Bryant, 1941) in central 

Texas, and in the oak-hickory region of southern Oklahoma (Mc¬ 

Carley, 1952) indicates that the species probably occurs or has recently 

occurred in the oak-hickory region of East Texas. 

McCarley and Bradshaw (1953) found the species to be common in 

a wet grassy field during the fall and winter of 1950-51. This area was 

burned in the summer of 1951 and since that time no pine voles have 

been collected in that area. The occurrence of 172 skulls from 375 

complete and 80 incomplete pellets of the barn owl (Tyto alba) from 

Panola County (Parmalee, 1954) indicates that this species probably 

occurs throughout eastern Texas in local isolated populations and 

occasionally in large numbers. 

Bailey (1905) and Hall and Cockrum (1953) assign all specimens 

of Pitymys (Microtus) pinetorum from eastern Texas to the subspecies 
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auricularis. Re-examination of the specimens reported by McCarley 

and Bradshaw (1953) as nemoralis indicate that these specimens 

should be assigned to P. p. auricularis (V. Bailey). 

Specimens examined: Bowie Co., 2—UT; Nacogdoches Co., 4-SFA, 

3-UT. 

Ondatra zibethicus (Linnaeus) Muskrat 

Muskrats are confined in East Texas to the coastal prairie from the 

Louisiana-Texas border west at least to Harris County. In this area, 

they are found in marshes which range from fresh to saline (Lay and 

O’Neil, 1942). At one time muskrats from Oklahoma were stocked in 

Trinity County but the population eventually disappeared (D. W. 

Lay, personal communication). 

Davis and Lowery (1940) consider the muskrats of the Texas coast 

to belong to the subspecies rivalicius. 

Specimens examined: Chambers Co., 2-AM: Harris Co., 8-AM; 

Jefferson Co., 7-AM. 1-UT. 

Myocaster coy pus (Molina) Nutria 

Nutrias represent a fairly recent addition to the fauna of East Texas. 

They were originally introduced into southern Louisiana in the vicin¬ 

ity of Avery Island during the winter of 1937. Since that time, through 

escape and help from man, the species has become established through¬ 

out East Texas. It is commonest on the coastal prairie where, in many 

instances, these animals have become so numerous as to constitute a 

nuisance to the rice growers. In this area they have been given the 

common name of “grass hog.” 

Because the original stock of the species now present came from 

Argentina, nutrias from Texas are generally assigned to M. c. bona- 

riensis (E. Geoffroy-Saint-Hillaire). 

Specimens examined: Chambers Co., 2-SFA; Panola Co., 1-SFA. 

Canis latrans Say Coyote 

Coyotes are common in most areas of East Texas. They are presently 

found in all vegetational regions although their distribution is not uni¬ 

form. Bailey (1905) did not record coyotes from East Texas. Generally, 

they have been found to be more common in areas where the woody 

vegetation is broken by open or cultivated fields. 

The identity of many of the wild Canis in East Texas is difficult to 

determine. Most of the wild Canis are referred to by laymen and pro¬ 

fessional predatory control workers as wolves (Canis niger). It has 

been pointed out by Young and Goldman (1944) and Young and 



414 THE TEXAS JOURNAL OF SCIENCE 

Jackson (1951) that the differences between Canis latrans and Canis 

niger are largely those of size. 

In addition to the skins and skulls listed below, 23 additional skulls 

from southwestern Arkansas, southeastern Oklahoma and Cooke and 

Navarro counties, Texas, have been critically examined and measured. 

The following measurements which are most useful in distinguishing 

the two species were made of all skulls: Total length, condylobasal 

length, zygomatic breadth, length and width of canine, upper carnas- 

sial crown length and width and space between second and third upper 

premolars. It can be categorically stated that all of the skulls so meas¬ 

ured and examined in this study are not referable to Canis niger 

gregoryi, supposedly the subspecies of red wolf inhabiting East Texas. 

The largest skull, that of an adult male from Bryan County, Oklahoma, 

has dimensions that are within the range of C. niger rufus, but the 

length of the canines and the spacing of the premolars are typically 

those of C. latrans. 

When all of the skulls are compared with known skulls of C. n. rufus, 

there is some overlap of measurements. Of those skulls in which the 

sex is known, however, there is no overlap and all such skulls are 

clearly referable to C. latrans. 

There is considerable evidence that hybridization has occurred 

between C. latrans and C. familiaris, the domestic dog. Several of the 

skulls are short, broad and the cranium is highly arched. Three skins 

and skulls of Canis from Nacogdoches County are, by all available 

criteria, apparently dog-coyote hybrids. Two of them are similar in 

color and general appearance to a small German Shepherd dog. The 

third specimen is similar to the others except that it is almost black in 

color. These individuals were collected in one locality out of one pack 

and apparently are siblings of the same litter. 

Generally the coyotes of East Texas are characteristic of comparable 

specimens assigned to C. latrans frustror Woodhouse. 

Specimens examined: Cherokee Co., 1 skin and skull-SFA, 5 skulls- 

SFA; Hopkins Co., 3 skulls-SFA; Nacogdoches Co., 3 skins and skulls 

(C. latrans & C. familiaris), 2 skulls-SFA; Red River Co., 1 skull-SFA; 

Robertson Co., 1 skin & skull-AM; Smith Co., 4 skulls-SFA; Upshur 

Co., 1 skull-SFA; Van Zandt Co.. 1 skin & skull-AM, 4 skulls-SFA; 

Jefferson Co., 1 skull-SFA. 

Canis niger Bartram Red Wolf 

From time to time animals have been reported to me as red wolves. 

In all cases where it was possible to do so the skins and/or skulls were 

examined and measured. All such specimens proved, on examination, 
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to be coyotes. A considerable number of official predator control 

trappers have been interviewed and in all cases it was found that the 

distinction these men made between wolves and coyotes was not objec¬ 

tive. In general, they referred to any large feral Canis as a wolf. 

The two skins and skulls listed below were examined and identified 

as red wolves (Canis niger rufus) by E. A. Goldman. The Robertson 

County specimen, collected in 1939, is large, quite reddish in color, 

with short broad canines, large carnassials and with small spaces be¬ 

tween the premolars. The Rains County specimen, collected in 1940, 

is indistinguishable to me from other available specimens identified 

by H. H. T. Jackson as C. latrans frustror. The skull length of this 

specimen is 179 mm. with a zygomatic breadth of 100.7 mm. All other 

dimensions are in proportion. These measurements are considerably 

less than the measurements of many of the coyote skulls available to 

me. 

There are no recent specimens or records of any Canis from East 

Texas which I would consider referable to C. niger. While this is nega¬ 

tive evidence, it is not without significance. It is probable that the red 

wolf of East Texas is either extirpated or extremely rare. There is the 

possibility that C. niger has hybridized with C. latrans as a result of 

the breakdown of some isolating factor, perhaps the disturbance of the 

environment by man. 

Consequently it is believed that at present there are no animals in 

the central and northern part of East Texas which could be considered 

C. niger. W. B. Davis and Daniel W. Lay are of the opinion, however, 

that the species continues to exist in southeastern Texas although 

there are no recent specimens to confirm this. 

Specimens examined: Rains Co.. 1-AM; Robertson Co., 1-AM. 

Vulpes fulva (Desmarest) Red Fox 

Red foxes have been recorded from the pine-oak and oak-hickory 

forest regions but their presence or absence in the pine forest and in 

the coastal prairie has not been determined. All the red foxes of East 

Texas, however, have been, either directly or indirectly, introduced 

into the areas where they now occur. These animals have been brought 

in from other states so that they can be run with dogs. Undoubtedly 

the animals that have been released have dispersed and in most cases 

reproduced. There is no evidence, however, that they are presently 

common anywhere in East Texas. Bailey (1905) reported their occur¬ 

rence in East Texas at several localities and stated that they were be¬ 

coming locally common. He reported that the first introduction of this 



416 THE TEXAS JOURNAL OF SCIENCE 

species into East Texas occurred around 1895. Introduction of red foxes 

in East Texas continues to take place. 

No subspecies status can be assigned to the animals now present in 

East Texas on the few specimens available. 

Specimens examined: Panola Co., 1-SFA; Robertson Co., 1-AM. 

Urocyon cinereoargenteus (Schreber) Gray Fox 

Gray foxes are widely distributed throughout all the vegetational 

regions of East Texas. They apparently occur in about equal abun¬ 

dance in both upland and bottomland communities and to a somewhat 

lesser extent on the coastal prairie and in the prairie communities 

along the Brazos River. According to Wood (1954), the gray fox is 

the commonest large predator of the oak-hickory belt. 

All of the Urocyon examined in this study are referable to the sub¬ 

species floridanus. No specimens have have been examined, however, 

from the northern part of the region and it is probable that specimens 

from that area will be found to be closest in appearance to the sub¬ 

species ocythous Bangs. 

Specimens examined: Brazos Co., 2—AM; Jasper Co., 1-AM; Nacog¬ 

doches Co., 2-SFA, 1-UT; Polk Co., 2—AM; Robertson Co., 1-AM; 

Rusk Co., 1-SFA; Trinity Co., 2-AM; Tyler Co., 3-AM; Walker Co., 

2-AM. 

Euarctos americanus Pallas Black Bear 

Bears were regarded as extremely rare by Bailey (1905) at the 

beginning of the twentieth century. Baker (1956) reported that the 

animals did not become completely extinct in East Texas until the 

early 1930’s. Apparently the last stronghold of this species in East 

Texas was the Big Thicket of Hardin and Liberty counties. No native 

bears are extant anywhere in East Texas at present. 

Specimens examined: None. 

Bassariscus astutus (Lichtenstein) Ringtail 

The ecologic and geographic distribution of the ringtail in East 

Texas is somewhat uncertain. Bailey (1905) did not record the species 

from that area. The earliest published record dealing with Bassariscus 

in East Texas is that of Lay (1939) who mentions ringtails as part of 

the catch of fur trappers in Walker County. He stated that during the 

1936-37 fur season 33 ringtails were caught. Blair (1949) recorded 

the ringtail from Jefferson County which indicated that the species 

ranges across the lower Neches River nearly to the Louisiana line. The 

specimen listed below from Henderson County was procured in the 

late 1940’s or early 1950’s by Elvis Borden who shot the animal while 
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he was hunting raccoons. The Walker County specimen was secured 

in November 1958, through the courtesy of W. A. Thornton. The 

specimen was obtained from a trapper who caught the animal around 

a water-filled pit along the Trinity River. A number of people in East 

Texas have been queried about ringtails and shown skins and pictures 

of the animals and in many cases the animals were referred to as “ring¬ 

tail coons.” 

The species apparently is not common in East Texas, but a few are 

killed or seen from time to time. One individual reported to me that 

in Panola County the animals lived in leaf nests which they con¬ 

structed in tangles of vines. 

The specimens which have been examined all appear to be referable 

to the subspecies B. a. flavus (Rhoads). 

Specimens examined: Brazos Co., 1-AM: Henderson Co., 1-SFA 

(skin only); Jefferson Co., 1-UT; Walker Co., 1-SFA. 

Procyon lotor (Linnaeus) Raccoon 

Raccoons are common throughout East Texas in all vegetational 

regions. They are primarily inhabitants of wooded or timbered areas 

but they also occur extensively on the coastal prairie. 

All the raccoons listed below are referable to the subspecies P. 1. 

fuscipes Mearns. 

Specimens examined: Brazos Co., 1-AM; Henderson Co., 2-SFA; 

Nacogdoches Co., 3-SFA; Panola Co., 1-SFA; Polk Co., 1-AM; Wash¬ 

ington Co., 1-AM. 

Mustela frenata Lichtenstein Longtail Weasel 

Weasels apparently are extremely rare in East Texas. As a result, 

little is known of their habits or distribution in that part of the state. 

Lowery (1943) reported weasels as generally rare in Louisiana except 

in the south-central part where they were fairly common. The only 

definite record available for the species in East Texas is one specimen 

collected by Rollin H. Baker, May 10, 1940, 10 miles south of Sulphur 

Springs, Hopkins County m the oak-hickory belt. Baker (personal 

communication) told me that an additional weasel was dug out of a 

burrow in the side of a ravine in the same area in April, 1938. Baker 

also had a report of a weasel killed in Nacogdoches County about 1915 

and a record of two weasels being killed in Chambers County along 

the bay shore the same year. Another report given me by Baker con¬ 

cerned a weasel sold to a fur dealer in Bowie County in the middle 

1930’s. I have been unable to secure any recent reports of the species 

around Nacogdoches and Daniel Lay reports that to his knowledge 

none are present in the pine forest region. 
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The Hopkins County specimen was referred to the subspecies pri- 

mulina by Hall (1951). A specimen of the same subspecies was re¬ 

corded from northwestern Louisiana by Lowery (1943) and speci¬ 

mens from Colorado County (southwest of East Texas) have been 

referred to M. /. arthuri by Hall (op. cit.). Hall shows the geographic 

range of primulina to include approximately the northern half, and 

the subspecies arthuri to occur in the southern half of East Texas. 

Specimens examined: None 

Mustela vison Schreber Mink 

The mink is common throughout all of the vegetational regions of 

eastern Texas. It is most common along the floodplains but it also 

ranges into pastures and prairies from the floodplains. 

Specimens which have been examined are all referable to the sub¬ 

species M. v. mink Peale and Palisot de Beauvois. 

Specimens examined: Brazos Co., 2-AM; Nacogdoches Co., 2-SFA 

(skulls only); Panola Co., 2-SFA; Polk Co., 2-AM. 

Spilogale putorius (Linnaeus) Eastern Spotted Skunk 

The geographic distribution of spotted skunks in East Texas is not 

continuous. They are present in the oak-hickory belt, particularly in 

the vicinity of Brazos, Robertson. Leon and Freestone counties. They 

are quite common on the coastal prairie, but apparently they are ab¬ 

sent or rare in the pine forest region. In the pine-oak forest the species 

is present, but in widely separated populations. The limited informa¬ 

tion available for this species indicates that its ecologic preference 

consists of more or less open grasslands broken by scattered areas of 

woods. There are many areas throughout East Texas, however, that 

are apparently suitable for the species, where it is absent. Howell 

(1906) reports that these skunks are not uniformly distributed else¬ 

where and are absent from many extensive areas where they might 

be expected to occur. Bailey (1905) was unable to get any reports of its 

occurrence in the state east of Conroe so the scarceness at present is 

not a recent phenomenon. 

Davis (1945) regards all spotted skunks in East Texas as belonging 

to species Spilogale putorius rather than S. interrupta and S. indianola 

of Merriam (1890) and Howell (1906). Specimens from the southern 

part of East Texas fit the description for S. p. indianola Merriam and 

those from the northern part of the region are best referred to S. p. 

interrupta (Rafinesque). 

Specimens examined: Brazos Co., 7-AM; Harris Co., 1-AM; Rob¬ 

ertson Co., 1-UT; Walker Co., 1-AM. 
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Mephitis mephitis (Schreber) Striped Skunk 

Striped skunks also occur in more or less disjunct populations 

throughout East Texas. They probably are commonest in the oak- 

hickory belt and the coastal prairie. In the pine forest region they are 

rather scarce, according to Daniel W. Lay. Bailey (1905) reported 

the striped skunk as having a widespread occurrence in East Texas. At 

present, striped skunks apparently are commonest in areas which are 

broken by cultivated fields and patches of woodland. 

All skunks of the species M. mephitis in East Texas are referable to 

the subspecies mesomelas Lichtenstein. 

Specimens examined: Brazos Co., 7-AM; Jefferson Co., 1-UT; 

Harris Co., 2-AM; Nacogdoches Co., 2-SFA; Walker Co., 2—AM. 

Conepatus mesoleucus (Lichtenstein) Hog-nosed Skunk 

Bailey (1905) reported an isolated population of hog-nosed skunks 

in the big thicket region centered in Liberty County. The exact status 

of this species in East Texas has been uncertain since the early 1900’s 

(Davis, 1945) and to a certain extent remains so. 

I have made several trips through the Big Thicket inquiring about 

this species. Fur dealers had no knowledge of it because no skunk 

pelts were brought in as a result of low prices. A large number of 

people living in the region were interviewed and most of them had no 

knowledge of such a skunk. 

Four individuals, however, gave me information which is indic¬ 

ative that the species is still extant in certain parts of southeastern 

Texas. On February 28, 1959, a commercial fisherman on the Trinity 

River just west of Bomayor described to me a “white backed skunk5’ 

which was killed on the highway just east of the Trinity River Bridge 

(Highway T—105) in the latter part of November. His description of 

this animal fitted that of Conepatus mesoleucus. On the same date a 

Mr. Norris, of Romayer, described to me an animal that fitted per¬ 

fectly the description of Conepatus. Mr. Norris said, “I caught a little 

skunk about the first of December, 1958, which was different from the 

two-striped kind. It had white all over its back and tail and had a little 

pointed nose. It was smaller than most skunks and smelled worse. I 

killed it and left it in the trap and later threw it away.” Correspond¬ 

ence and interviews with Harvey Collins, three miles northeast of 

Rye. Texas, lend support to Mr. Norris’ statements. According to Mr. 

Collins, “I have lived and hunted in this area for the last forty years. 

I think we have two kinds of skunks here, the two-striped kind and 

the white-backed kind.” Mr. Collins accurately described Conepatus 

mesoleucus and said that it was not as common as it was 30 years ago 
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but it is still present in small numbers but not as numerous as the 

striped skunk. On March 14, 1959, Mr. Lance Rossier of Saratoga, 

Texas, told me that there were no white-backed skunks in the imme¬ 

diate vicinity of Saratoga although they formerly existed there. Mr. 

Rossier did report that there was a sizeable number of such skunks in 

the vicinity of Batson, on the edge of the Rig Thicket and the coastal 

prairie. 

In all cases, these men were led into the discussion of skunks rather 

indirectly and .all described the type which could be Conepatus with¬ 

out any promoting from me. They were then able to identify a picture 

of Conepatus mesoleucus as the “white-backed skunk.” Another item 

that may be of significance is that all these men mentioned to me. in¬ 

dependently of each other, that the white-backed skunk had a different 

smelling musk than other skunks. I believe that on the basis of con¬ 

versations with the above mentioned men, Conepatus mesoleucus is 

presently extant in some sections of the Big Thicket. 

Bailey (1905) described C. mesoleucus from this area as C. m. tel- 

malestes V. Bailey, with a type locality of Big Thicket, 7 miles north¬ 

east of Sour Lake. 

Specimens examined: None. 

Lutra canadensis (Schreber) River Otter 

Bailey (1905) reported otters as common in the streams of East 

Texas but he was unable to obtain specimens. The present status of the 

otter is that it is nowhere common although there are recent definite 

reports of several local populations. Definite occurrence of the species 

in recent years has been established through a skin seen at a fur dealer 

which came from 25 miles southeast of Nacogdoches, near the junc¬ 

tion of the Angelina and Attoyac rivers. Coincidentally, this is the 

same locality as that which produced the otter obtained by Phil D. 

Goodrum in 1936 from Nacogdoches County (listed below). In 1957, 

Edwin Toole reported to me that he observed two otters in a slough 

of the Sabine River in Newton County. Consequently, it must be as¬ 

sumed that this species is still extant in many uninhabited areas, par¬ 

ticularly along the Sabine, Neches, Angelina and Trinity rivers. 

The specimens examined are referable to L. c. texensis Goldman. 

Specimens examined: Jefferson Co., 1-AM (skull only); Nacog¬ 

doches Co., 1-AM. 

Felis onca True Jaguar 

All available information indicates that this species is now extir¬ 

pated in East Texas. Bailey (1905) reported it as very rare with only 
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an occasional unverified report of one that had been killed. Apparently 

the last verified record of a jaguar in East Texas was in 1902 when 

one was killed south of Jasper, Jasper County (Bailey, 1905). 

Specimens examined: None. 

Felis pardalis Baird Ocelot 

In the early 1900’s Bailey (1905) found ocelots to be rare but still 

present in East Texas, particularly in the vicinity of Sour Lake, Beau- 

monk Waskom and Long Lake. Baker (1956) considered the species 

to be extinct in East Texas and I have been unable to verify its presence 

in recent years although there are persistent reports from Newton and 

Sabine counties of animals fitting the description of an ocelot. 

Specimens examined: None. 

Felis concolor True Mountain Lion 

In 1905, Bailey reported mountain lions as extremely rare or extinct 

in East Texas. Baker (1956) reported the occurrence of the species in 

Angelina County in 1927. In the early 1950’s there were persistent 

reports of the presence of mountain lions in the vicinity of Centerville, 

Leon County, in the oak-hickory forest. To my knowledge, however, 

none of these reports was verified by the actual killing of a specimen. 

Some ranchers of good judgment in Leon County do not believe that 

mountain lions have been present in recent years. From time to time 

there have been other reports given to me of mountain lions in East 

Texas (Henderson Co., Panola Co.) but in my opinion these are largely 

dramatic fantasies. W. B. Davis reports (personal communication) 

that a mountain lion was seen three different times near a stock tank 

about 5 miles northeast of Bryan in 1958. Another verified record that 

is close to eastern Texas is that of Baker (1949) who reported the 

killing of a mountain lion in Colorado County, February 26, 1948. 

Lowery (1943) noted that the species had been nearly if not wholly 

extirpated in western Louisiana. 

Lynx rufus (Schreber) Bobcat 

Bobcats are locally common throughout the timbered region of East 

Texas but they apparently are not common on the coastal prairie, 

except in the timbered flood plains of the major streams. Bailey (1905) 

reported them to be extremely common in the big thicket region of 

Liberty and Hardin counties. Current reports indicate that the species 

is still common in those counties. 

Specimens of Lynx rufus from East Texas are not easily assigned 

subspecific rank. The three specimens listed from Brazos County are 

nearest the race texensis in size and coloration. On the other hand 
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specimens from the pine and pine-oak forests (Nacogdoches, Rusk, and 

Tyler counties) are much darker than texensis and generally are 

smaller in size. In coloration these animals fit closely the description 

for L. r. floridanus and are indistinguishable in color from a specimen 

available from Madison Parish, Louisiana, well within the range of 

floridanus. Lowery (1943), however, assigned a specimen of Lynx 

rufus from Northwestern Louisiana to texensis. Bobcats from East 

Texas are generally larger than typical floridanus and generally 

smaller than typical texensis but the range of characters overlaps that 

for both subspecies. In my opinion bobcats from the pine and pine-oak 

regions are closer in appearance and size to the dark animals of the 

Louisiana swamps and are best referred to L. r. floridanus Rafinesque 

while bobcats from the oak-hickory belt seem best referred to L. r. 

texensis J. A. Allen. 

Specimens examined: Brazos Co., 3-AM; Nacogdoches Co., 1-SFA; 

Polk Co., 1—SFA (skull only); Rusk Co., 1-SFA; Tyler Co., 1-AM. 

Odocoileus virginianus (Zimmerman) White-tailed deer 

Populations of white-tailed deer vary from relatively common to 

absent in East Texas depending on the locality. The largest concentra¬ 

tions of deer in the region at present are largely on game management 

or protected areas. They may be found, however, in all of the vegeta- 

tional regions of East Texas except the open parts of the coastal prairie. 

Bailey (1905) reported deer as common in the Big Thicket of Hardin 

and Liberty counties but he made no mention of them elsewhere in 

East Texas. In the more isolated areas of East Texas, deer were, and 

are, hunted all year with little regard for game laws. This resulted in 

almost complete extirpation of the species in most areas of East Texas. 

Restocking efforts by the Texas Game and Fish Commission with deer 

from south and central Texas have been largely successful in areas 

where hunting can be controlled and where adequate range exists. 

The native white-tailed deer of East Texas was referable to the sub¬ 

species mcilheneyi F. W. Miller but most of the deer that have been 

introduced have been of the subspecies texanus (Mearns). 

Specimens examined: Angelina Co., 1-AM (mcilheneyi); Leon Co., 

1-AM (texanus); Robertson Co., 1-AM (texanus); Trinity Co., 1-AM 

{mcilheneyi). 

SUMMARY 

Fifty-six species of mammals occur or have occurred in East Texas 

since 1900. Of these 56 species, three (Euarctos americana, Felis onca, 

Felis pardalis) should be considered extirpated. One native species 
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('Castor canadensis) has been extirpated but has been replaced in 

recent years by restocking. The status of six species (Citellus tride- 

cemlineatus, Pedomys ludovicianus, Mustela frenata, Conepatus meso- 

leucus, Canis niger, and Felis concolor) is doubtful. These six species 

have not been collected within the confines of the study in recent years 

and they are included either on the basis of sight records or the report 

of Bailey (1905). 

Eleven species have been added to the faunal list of East Texas since 

Bailey’s survey. These include Lasiurus seminolus, Dasypterus flori- 

danus, Tadarida mexicana, T. cynocephala5 Reithrodontomys mon- 

tanus, Peromyscus maniculatus5 P. leucopus, Myocaster coypus, Bas- 

sariscus astutus, Mustela frenata (which should also be considered a 

rare or dobtful species) and Canis latrans. 
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Genetic Compatibility and Species Groups in 

U.S. Toads (Bufo)1 

by W. FRANK BLAIR 

INTRODUCTION 

This report is a summarization of presently available information 

about the genetic compatibility of North American species of toads of 

the genus Bufo. Much of the information comes from our continuing 

program of hybridization of toad species, but inasmuch as many ad¬ 

ditional years will be required for completion of this program it seems 

desirable to put a volume of information on record and to summarize 

the present state of knowledge in this field. 

There are two main reasons for this hybridization work. First, the 

degree of genetic compatibility (crossability) provides an additional 

line of evidence as to degree of evolutionary divergence along with 

evidence from morphology, call structure, ethology and ecology of 

the populations. Second, the understanding of the complexes of iso¬ 

lating mechanisms which inhibit interbreeding of sympatric species 

requires an assessment of the possible role of genetic incompatibility 

in the complexes. 

A tentative arrangement of most U. S. toads in species groups was 

made by W. F. Blair (1956), and slight modification of this arrange¬ 

ment was found necessary with increased information (W. F. Blair, 

1958). The latter arrangement will be followed in presenting and 

discussing the data from the laboratory hybridizations. The largest 

and best known group is the americanus group with six species, ameri- 

canus, terrestris, hemiophrys, houstonensis, microscaphus, and wood- 

housei. The second largest group contains boreas, canorus and alvarius. 

The third contains compactilis and cognatus. Five other U. S. species 

appear on present evidence to have no close relatives in the United 

States and hence are placed in separate species groups. These are 

punctatus, debilis, quercicus, marinus and valliceps. Some of these 

groups have additional species in the American tropics and subtropics, 

but no attempt will be made here to allocate the various nominal 

species in Mexico and Central America to species groups. 

1 This work has been made possible through support under National Science 

Foundation Grants No. G-328, G-2215 and G-4956. 
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METHODOLOGY 

The general plan of the hybridization experiments has been to raise 

the Fi hybrids to the most advanced stage to which they would survive 

and to backcross those reaching sexual maturity to the parental types. 

Crosses are made by any one of three methods, depending on cir¬ 

cumstances. A majority of the crosses have been made through nor¬ 

mal amplexus, with either the male or female, or both, stimulated 

with commercial chorionic gonadotropin, or more rarely with fresh 

toad pituitaries. Most of the crosses involving toads of greatly different 

sizes were made artificially by squeezing eggs into sperm suspensions 

made by macerating the testes in pond water. In a few instances when 

we were reluctant to sacrifice the male, sperm for artificial crosses 

were obtained by an electrical shock technique, using a current of 

low voltage. As might be expected, lower percentages of fertilization 

were obtained by this method than by the others. 

After the larvae have hatched, the standard procedure is to spread 

a total of 300 larvae in enamel pans, with 30 larvae to a pan, although 

the total number is sometimes increased if high larval mortality is 

anticipated. The larvae are given a diet of boiled lettuce. The water in 

the pans is not changed, but fecal material and uneaten lettuce scraps 

are removed daily with a suction bulb, and aged tap water or pond 

water is added to replace losses. As soon as their fore-limbs are visibly 

free, the metamorphosing toads are placed in an enamel pan that is 

tilted so that the water is in one end. As soon as resorption of the tail 

is complete (usually in about 24 hours) the young toads are placed 

on dirt in aquaria with cheese-cloth covers. The young toads are fed 

initially on small >ccurly-wing” Drosophila and then on larger Dro¬ 

sophila, and the diet is supplemented with leafhoppers, small grass¬ 

hoppers and other wild-caught insects. When the toads attain a 

snout-vent length of about 40 mm. they are transferred to screen and 

wood cages containing a layer of soil and an enamel pan of water. 

Ten toads are normally kept per cage that has a floor area of about 

two feet by three feet. The toads are now fed mealworms and earth¬ 

worms as their staple food, and there is some supplementation with 
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seasonally available wild-caught insects and terrestrial isopods. We 

have obtained healthy eggs and apparently normal complements of 

viable sperm from toads raised in this manner. Other young toads of 

various hybrid combinations have been toe-clipped at a snout-vent 

length of about 20 mm. or more and released in a natural population. 

Some of these have been recovered as sexually mature toads in the 

following breeding season. 

CROSSES WITHIN SPECIES GROUPS 

Most of the crosses within a species group are ones made within 

the relatively large americanus group. Nine combinations involving 

females of americanus, terrestris, and woodhousei and males of other 

species in the group have been made. In discussing the crosses a dis¬ 

tinction will be made between crosses involving B. w. woodhousei and 

those involving the well-marked, secondarily interbreeding B. w. 

fowleri. 

Crosses within the americanus group 

Female americanus were crossed with males of the relict, disjunct 

species microscaphus and houstonensis. A single cross was made be¬ 

tween an americanus female from Woodruff, Wisconsin and a micro¬ 

scaphus male from Veyo, Utah. This female laid only a few eggs and 

only four were fertilized. Nevertheless, three metamorphosed and one 

hybrid survived to maturity but was lost before it could be back- 

crossed. The americanus pattern was dominant in the Fi hybrid 

(Fig ID). One cross was made April 21, 1959, between an americanus 

female from Wilburton, Oklahoma, and a houstonensis male from 

Houston, Texas, 309 of 450 young metamorphosed. 

Female terrestris from Gainesville, Florida, were crossed with male 

americanus from Exeter, Missouri, houstonensis from Houston, Texas, 

and microscaphus from Veyo, Utah. There was virtually 100 per cent 

fertilization and hatch in the cross with americanus, and 271 of 300 

larvae metamorphosed. None of 100 young that were field released 

was recovered the following year by comparison with three females 

and three males of 120 terrestris controls released in the same area. 

An Fi female was backcrossed to a Gainesville terrestris male, and, 

although few eggs were laid, 40 of 58 young metamorphosed (Fig. IB), 

after which the stock was discontinued. In a backcross of another hy¬ 

brid female to a terrestris male from Newton, Georgia, only a few 

eggs were laid, and only 24 larvae hatched, and all of these had died 

within 18 days of hatching. The Fx hybrids had heavy parietal crests 

as in terrestris (Fig. 1 A). 
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Fig. 1. Hybrids between species within the americanus and cognatus species groups of 

the genus Bufo: (A) F^ ($ terrestris x £ americanus); IB) B. C. tF1 9 (9 terrestris x £ 

americanus) x £ terrestris]; (C) Fj ( $ terrestris x £ houstonensis); (D) Ff ( 9 americanus x 

£ microscaphus); (E) Ft (9 B. w. fowleri x £ hemiophrys); (F) F1 {9 compactilis x £ 

cognatus). Roughly proportional in size, but not to exact scale. 

A cross was made twice between terrestris females and houstonensis 

males. In one cross 296 of 300 metamorphosed, and in the other 239 

or 256 metamorphosed by comparison with 286 of 300 in the terrestris 

control. One of 97 that were field released was recovered the following 

year by comparison with three females and three males of 120 con¬ 

trols. A hybrid male was backcrossed to a Gainesville terrestris female, 

and after the larvae had metamorphosed the stock was discontinued. 

The F1 hybrids had crests similar to those of houstonensis (Fig. 1C). 

Eight preserved young adults from the backcross to terrestris have 

crests indistinguishable from those of terrestris. 

The cross between female terrestris (Gainesville, Florida) and male 

microscaphus (Veyo, Utah) was made only once and gave unexpected 

results, as development stopped at gastrulation. 
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Crosses were made involving three combinations of female B. w. 

woodhousei with males of the same species group. One cross was made 

in March, 1959, between a woodhousei female from Austin, Texas, 

and a hemiophrys male from Delta, Manitoba. There was essentially 

100 per cent fertilization and hatching, but larval mortality has been 

relatively high. Only 146 of 600 metamorphosed. 

A woodhousei female from Sealy, Texas, was crossed with a micro- 

scaphus male from Veyo, Utah. There was low fertilization, and only 

27 larvae hatched. Only eight were alive three days after hatching 

and one five days after hatching. The last one was dead 12 days after 

hatching. In a cross between a woodhousei female from Austin, Texas, 

and a terrestris male from Gainesville, Florida, there was low fertili¬ 

zation and many abnormal embryos. Only 110 of approximately 

10,000 eggs hatched, and only two of these survived beyond five days 

and one beyond nine days. This individual apparently drowned at 

metamorphosis. One cross was made between a B. w. fowleri female 

from Shreveport, Louisiana, and a hemiophrys male from Wheaton, 

Minnesota. Eight-seven of 279 metamorphosed, but only two sur¬ 

vived to an age of four months. One male survived to an age of 13 

months but was lost before there was an opportunity to backcross it. 

The crests in this specimen are fowleri-like (Fig. IE), and the gular 

skin is black-pigmented as in fowleri. 

The first hybridizations among members of the americanus group 

were reported by A. P. Blair (1941). He crossed americanus females 

with terrestris, B. w. woodhousei, and B. w. fowleri males, terrestris 

females with americanus and B. w. fowleri males and B. w. wood¬ 

housei and B. w. fowleri females with americanus males and reported 

metamorphosis in the hybrids of all combinations. Only the hybrids 

from the crosses of the two subspecies of woodhousei females to amer¬ 

icanus males were raised to maturity and tested by backcrossing. Male 

hybrids of both combinations proved fertile when backcrossed to 

americanus females, and the hybrid females had large masses of well- 

developed eggs when they died. 

A. P. Blair (1955) reported some abnormal larvae but metamor¬ 

phosis in a cross between B. m. microscaphus and B. m. californicus 

and metamorphosis in a cross between woodhousei females and micro¬ 

scaphus males from southwestern Utah. In neither case did he at¬ 

tempt to raise the hybrids beyond metamorphosis. 

Meacham (1958) crossed B. w. woodhousei females with B. w. 

fowleri males and made the reciprocal cross. Male and female hybrids 

from both reciprocal crosses showed no reduction in fertility when 

backcrossed to both parental types. 
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Moore (1955) in his summary paper reported previously unpub¬ 

lished crosses by A. P. Blair between americanus females and hemi- 

ophrys males, between B, w. woodhousei and B. w. fowleri females and 

terrestris males, and between microscaphus females and B. w. wood¬ 

housei males. Metamorphosis occurred in all, but no attempt was made 

to raise the hybrids beyond that stage. 

Crosses within the cognatus Group 

Crosses have been made twice between female compactilis and male 

cognatus, and in both some Fx hybrids survived to sexual maturity. In 

a cross between a female compactilis from Manor, Texas, with a male 

cognatus from Wheaton, Minnesota, 105 of 160 larvae metamor¬ 

phosed. In another cross, between a female compactilis from Utley, 

Texas, and a male cognatus from Wheaton, Minnesota, only 61 of 300 

metamorphosed, and of these, six were forced through metamorphosis 

by addition of thyroxine to the water. The metamorphosed hybrids 

were not healthy, and only two males from one cross and one female 

from the other survived to maturity. All were lost before there was an 

opportunity to backcross them. The color pattern of the hybrids is var¬ 

iable but generally intermediate between the patterns of the parental 

species (Fig. IF). The very weakly developed crests are closer to the 

essentially crestless condition of compactilis than to the rather promi¬ 

nent crests of cognatus. 

CROSSES BETWEEN SPECIES GROUPS 

Females of four of the species groups have been crossed to various 

males of other groups, and there is at least one intergroup cross in¬ 

volving every species group that occurs in the United States except 

for the quercicus (Fig. 4F) group. 

Crosses Involving americanus Group Females 

With boreas Group. One cross was made between a woodhousei 

female from Austin, Texas, and a boreas male from Moscow, Idaho. 

Fertilization was essentially 100 per cent. There were many larval 

abnormalities and high larval mortality. Of 600 larvae, 304 normal 

and 111 abnormal ones were alive nine days after hatching, and 15 

days later only 247 apparently normal and 18 abnormal larvae were 

alive. A total of 348 hybrids metamorphosed from the initial 600 plus 

another group on which counts were not made during larval life. The 

hybrids were lost in a “redleg” epidemic before they had reached 

sexual maturity. Two that were preserved measure 49 and 55 mm. in 

snout-vent length. The crests are weakly developed, in which respect 
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the h}rbrids are intermediate between the crestless Boreas and heavily 

crested woodhousei. The large inner metatarsal tubercle is inter¬ 

mediate between the small, rounded one of Boreas and the large, sharp- 

edge one of woodhousei. The parotoids are intermediate in size. 

One cross was made between a woodhousei female from Austin, 

Texas, and an alvarius male from Eloy, Arizona, by squeezing approx¬ 

imately 400 eggs into a semen sample obtained by electrical stimula¬ 

tion. Early cleavages were irregular, and many of the embryos ceased 

development in early gastrulation. Two larvae hatched, and one of 

these metamorphosed but drowned soon afterward. 

A. P. Blair (1955) reported metamorphosis, although there were 

some abnormal larvae, in a cross between a microscaphus female and 

Boreas male. Moore (1955) in his review paper reported previously 

unpublished crosses by A. P. Blair between americanus and B. w. 

woodhousei females and Boreas males and reported metamorphosis in 

both crosses. 

With punctatus Group. One cross was made in May, 1959, between 

a female americanus from Wilburton, Oklahoma, and a male punc¬ 

tatus from Austin. Texas. Fertilization was approximately 43 per cent. 

After 119 days 234 of 450 hybrids had metamorphosed, and 32 were 

still larvae. Eight of the latter were deficient in melanin pigment, and 

two normally colored ones had badly kinked tails. Two pale larvae 

metamorphosed, but one died soon afterward. The punctatus color and 

pattern and body form appear to be dominant. 

One cross was made between a woodhousei female and a punctatus 

male, both from Austin, Texas, by squeezing eggs into a semen sample 

obtained by electrical shock. Fertilization was very low, but about 

two per cen" of the eggs showed irregular early cleavages and survived 

to early gastrulation. 

A. P. Blair (1955) crossed a microscaphus female with a punctatus 

male from southwestern Utah and reported metamorphosis, although 

some larvae were abnormal. 

With cognatus Group. Two crosses were made in April, 1959, be¬ 

tween americanus females from Broken Bow, Oklahoma, and a cog¬ 

natus male from Tucson, Arizona. Fertilization was low in the second 

of the two crosses probably because of depletion of the sperm of the 

male used in both on the same day. Many exogastrulae were observed 

in both crosses, but numerous embryos hatched in each. In the first 

cross, 183 of 450 larvae metamorphosed. Some of the larvae that failed 

were obviously abnormal in being excessively slender and in not 

developing hind legs. In the other cross, 26 of 90 metamorphosed. One 
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larva that metamorphosed was very abnormal in being distorted in 

body form and able to swim only in a tight spiral. 

One cross was made between a terrestris female from Newton, 

Georgia, and a cognatus male from Wheaton, Minnesota. Only 87 eggs 

were laid, but there was essentially 100 per cent fertilization. Of these, 

however, only three survived to hatching and two through metamor¬ 

phosis. An adult female is still alive and mature in size after 16 months 

but has not yet ripened any eggs. The ground color of this individual 

is the brown of the terrestris parent, and the dorsal blotches are some¬ 

what larger than those of terrestris but smaller than those of cognatus 

(Fig. 2A). The crests are intermediate; they lack the prominent 

knobbed parietal crests of terrestris, and they lack the anterior median 

boss of cognatus. 

In a cross between a terrestris female from Newton, Georgia, and a 

compactilis male from Lockhart, Texas, only a few eggs were laid, 

Fig. 2. Hybrids between members of different species groups of the genus Bufo: (A) Fx 

($ terrestris x S cognatus); (B) F] ( 9 woodhousei x $ cognatus; (C) F1 ( $ woodhousei x $ 

compactillis); (D) F1 ($ valliceps x S compactillis); (E) F1 ($ valliceps x $ cognatus); 

(F) Fx ( $ terrestris x $ debilis). Roughly proportional in size, but not to exact scale. 
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and only nine larvae hatched. Only three of these survived to the tenth 

day. One of these metamorphosed but died before reaching sexual 

maturity. 

Two crosses were made between woodhousei females from Austin, 

Texas, and cognatus males from Wheaton. Minnesota, and one cross 

was made between a woodhousei female from Wichita Falls, Texas, 

and a cognatus male from Wheaton, Minnesota. Fertilization was 

virtually 100 per cent in all three crosses. Abnormal larvae were 

common in all of the crosses. In one cross, 72 abnormal and 463 appar¬ 

ently normal larvae were alive from an initial 600 eight days after 

hatching. Sixteen days later 37 of the abnormal larvae had died, while 

only 16 of the 463 apparently normal ones died in the same period. 

None of the 76 woodhousei control larvae died in the same period. In 

the second cross, 28 abnormal and 539 apparently normal larvae were 

alive, from an initial 600, eight days after hatching. Fifteen days later, 

12 of the abnormal larvae had died, and 29 of the apparently normal 

ones had also died. Fifty-eight of 60 controls survived the same period. 

In the third cross, 15 abnormal and 519 apparently normal larvae 

were alive, from an initial 570, eight days after hatching. Fifteen days 

later, 12 of the 15 abnormal and 20 of the 519 apparently normal lar¬ 

vae had died. From the initial 600 larvae in the first cross 117 meta¬ 

morphosed, and from a similar initial number in the second cross, 169 

metamorphosed. From an initial 570 in the third cross only 80 meta¬ 

morphosed. The hybrid toads of the first and third crosses were lost in 

an epidemic of “redleg”, but two males and two females from the 

second cross survived to sexual maturity, although the females have 

not yet ripened eggs. 

One of the hybrid males from the 9 woodhousei X $ cognatus cross 

was backcrossed to two woodhousei females from Austin, Texas. Cleav¬ 

age was uneven in both sets of eggs, and development ceased in both 

sets at gastrulation. Numerous exogastrulae were observed in both sets. 

The Fx hybrids show a preponderance of woodhousei characters (Fig. 

2B). The color pattern is somewhat intermediate in being dark green¬ 

ish, with more spotting than in woodhousei. The crests are woodhousei- 

like; they do not converge anteriorly as in cognatus, nor is there an 

anterior boss. The parotoid appears to be intermediate. The gular skin 

of the males is intermediate but appears more like that of woodhousei 

than that of cognatus. 

Two crosses were made between woodhousei females from Austin, 

Texas, and compactilis males from the same place. There was low 

fertilization (about eight per cent) in the first cross, and there was 

rather high larval mortality. Of 180 that hatched, only 68 normal and 
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17 abnormal larvae were alive 10 days later. After an additional 15 

days 62 of the 68 apparently normal larvae were still alive, but none 

of the 17 abnormal ones had survived. Thirty-six hybrids metamor¬ 

phosed, and two females and one male were alive a year later. The 

second cross was made in April, 1959, with the sperm suspension 

technique, and only a small number of eggs was used. Fertilization was 

about 50 per cent, and 14 larvae hatched. Eleven of the hybrids meta¬ 

morphosed. 

The adult Fi hybrids from 9 woodhousei X $ compactilis are rather 

intermediate in characters (Fig. 2C). The ground color shows resem¬ 

blance to compactilis in being greenish, but the color pattern is inter¬ 

mediate. There is a weak supraorbital crest but no postorbital one. The 

parotoid glands are intermediate in size. The gular skin is inter¬ 

mediate. These hybrids have not yet been backcrossed to either paren¬ 

tal species. 

A. P. Blair (1955) crossed a microscaphus female with a compactilis 

male from Luling. Texas, and reported metamorphosis, although some 

larvae were abnormal. 

Moore (1955) in his review paper reported previously unpublished 

crosses by A. P. Blair between americanus and B. w. woodhousei and 

B. w. fowleri females and cognatus males and reported metamorphosis 

in these crosses. 

With marinus Group. One cross was made between a woodhousei 

female from Austin, Texas, and a marinus male from Colima, Mexico, 

by squeezing eggs into a semen sample obtained by electrical shock. 

Fertilization was very low, but about two per cent of the eggs showed 

irregular early cleavages and survived to early gastrulation. 

Moore (1955) reported a cross by A. P. Blair between female B. w. 

fowleri and male marinus and reported that development ceased at 

gastrulation or later. 

With debilis Group. One cross was made between a terrestris female 

from Gainesville, Florida, and a debilis male from Big Spring, Texas, 

by squeezing eggs into a sperm suspension. Thirty-one larvae hatched, 

of which 29 appeared normal and two abnormal. Sixteen days later 

only 12 remained alive; of these, six appeared normal except that one 

was deficient in melanin, and six were small. One metamorphosed 

normally, and three died after being forced to free the fore-legs with 

thyroxine. The one individual never appeared healthy and was blind 

in the left eye, but it survived to a snout-vent length of 39 mm. The 

hybrid has the body form and color pattern of the debilis parent (Fig. 

2F), although it is less green than debilis. The parotoids are small and 

inconspicuous. The crests have the terrestris pattern but are covered 
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with unkeratinized skin. The inner metatarsal tubercle is large, as in 

terrestris. 

With valliceps Group. A. P. Blair (1941) crossed a female terrestris 

with a male valliceps and reported low fertilization with a few indi¬ 

viduals metamorphosing. Volpe (1959) likewise reported metamor¬ 

phosis in this cross. 

Thornton (1955) crossed B. w. woodhousei males and valliceps 

females and found that the hybrids were all male-like with a peculiar 

gonad made up partly of ovarian and partly of testicular tissue. When 

these were backcrossed, the backcross offspring died in embryonic 

stages. Volpe (1956) obtained similar results in crossing B. w. fowleri 

females with valliceps males except that he did not attempt the back- 

cross. Volpe (1959) reported metamorphosis in crosses between ameri- 

canus females and valliceps males. 

Crosses Involving boreas Group Females 

Crosses have been made between females of the boreas group and 

males representative of the americanus and valliceps groups. 

With americanus Group. One cross was made between a boreas fe¬ 

male from Moscow, Idaho, and an americanus female from Ohio. 

Only seven of 136 that hatched were alive two days later, and of these 

only one appeared normal. This was the only survivor two days later, 

and this one died in metamorphosis. 

One cross was made between a boreas female from Moscow, Idaho, 

and a B. w. fowleri male from East Texas. Only 66 of 1271 eggs 

hatched, and many embryos died at gastrulation. Only five of these 

66 were alive 18 days after hatching and none survived to metamor¬ 

phosis; however, a heavy infestation of Hydra was found in the pond 

water being used in the stock pans, and this may have been a factor 

in the larval mortality. 

With valliceps Group. Three crosses were made between boreas fe¬ 

males from Moscow, Idaho, and valliceps males from Austin, Texas. 

In one cross, only 58 of 690 eggs hatched by comparison with 800 of 

884 in the boreas control. In another cross, 132 of 520 eggs hatched, 

and in the third cross no count was made. None of the hybrids sur¬ 

vived to metamorphosis, but a heavy infestation of Hydra was appar¬ 

ently responsible for mortality of both hybrid and control larvae. 

Crosses Involving cognatus Group Females 

Female compactilis have been crossed with representatives of the 

americanus, debilis and valliceps groups. 

With americanus Group. One cross was made between a compactilis 
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female from Austin, Texas, and a terrestris male from Gainesville, 

Florida. There was high fertilization. All of the 334 larvae that 

hatched were put in rearing pans, but only 11 were alive three days 

after hatching, and all were dead five days after hatching. 

Moore (1955) cited crosses by A. P. Blair between compactilis fe¬ 

males and americanus and B. w. woodhousei males and reported that 

development ceased at the neurula stage in both crosses. 

With punctatus Group. Moore (1955) cited a cross by A. P. Blair 

between cognatus female and punctatus male and reported meta¬ 

morphosis in this cross. 

With dehilis Group. One cross between a compactilis female from 

Utley, Texas, and a debilis male from Luling, Texas, was made by 

squeezing a small number of eggs into a sperm suspension. Fertiliza¬ 

tion was low, and three days later eight larvae had hatched, 20 were 

dead in embryonic stages, and 550 eggs were undeveloped. All of 

the eight larvae that hatched were dead four days after hatching. 

With valliceps Group. In an artificial cross, utilizing a sperm sus¬ 

pension, between a compactilis female from Utley, Texas, and a val¬ 

liceps male from Columbus, Texas. 20 eggs were unfertilized, 20 died 

in embryonic stages and three hatched. These were dead two days 

after hatching. In a natural cross between a female compactilis from 

Utley, Texas, and a male valliceps from Columbus, Texas, 2,500 eggs 

appeared unfertilized, 50 died in embryonic stages and 60 hatched. 

Of these 60, there were 26 alive 10 days after hatching, and six of them 

survived metamorphosis. 

Crosses Involving punctatus Group Females 

With americanus Group. A. P. Blair (1955) crossed punctatus fe¬ 

male with microscaphus male and reported difficulty in gastrulation 

and hatching of one abnormal larva. Moore (1955) cited a cross by 

A. P. Blair between a punctatus female and B. w. woodhousei male 

and reported development to gastrulation plus. 

With cognatus Group. Moore (1955) cited a cross by A. P. Blair 

between a punctatus female and compactilis male and reported de¬ 

velopment to gastrulation plus. 

With boreas Group. Moore (1955) cited a cross by A. P. Blair be¬ 

tween a punctatus female and boreas male and reported metamor¬ 

phosis. 

Crosses Involving valliceps Group Females 

Crosses have been made between valliceps females and representa¬ 

tives of the americanus, boreas, cognatus, alvarius and debilis groups. 

With americanus Group. Two crosses have been made between 
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valliceps females from Austin, Texas, and americanus males from 

Boxley, Arkansas, and Ohio. In both crosses, development stopped at 

gastrulation. Yolpe (1959) reported comparable results with amer¬ 

icanus females from New Jersey and New York and valliceps males 

from Louisiana. 

Three crosses were made between valliceps females from Austin, 

Texas, and terrestris males from Gainesville, Florida. There was high 

fertilization in all of the crosses, but there was heavy mortality in 

embryonic stages, and no larva survived more than two days beyond 

hatching. In one cross, in which a count was made, 33 larvae hatched, 

but only six remained alive the following day, and none was alive 

the next day. Volpe (1959) reported comparable results for this 

hybrid combination. 

Five crosses were made between valliceps females from Austin, 

Texas, and four hemiophrys males from Wheaton, Minnesota, and one 

from Delta, Manitoba. The results of the crosses were consistent in 

that most embryos stopped development at gastrulation, with extreme 

exogastrulae being formed. One individual hatched in each of two sets 

but died soon after hatching. 

Thornton (1955) crossed valliceps females with B. w. woodhousei 

males and found that the hybrids died in the neurula stage. Volpe 

(1956) crossed valliceps females with B. w. fowleri males and found 

that the hybrids died in late gastrula stage. 

With boreas Group. Two crosses were made between valliceps fe¬ 

males from Austin, Texas, and boreas males from Moscow, Idaho. 

Many of the embryos died as exogastrulae, and in neither cross did the 

hybrids survive beyond early larval life. In one, there was high fertili¬ 

zation, and two pans of 100 embryos each were set up for observation. 

Six days after fertilization only 36 of 100 remained alive in one pan 

and 32 of 100 in the other. Two days later, only two remained alive 

in each pan, and eight days later all were dead. Fertilization was low 

in the other cross, and only 13 larvae hatched. Only 8 of the 13 were 

alive one day later, six were alive another day later, and all were dead 

two days later. 

One cross was made between a valliceps female from Austin, Texas, 

and an alvarius male from Eloy, Arizona, using a semen sample ob¬ 

tained by electrical stimulus. About 20 per cent of 600 eggs were 

fertilized. Early cleavages were abnormal, and no embryos survived 

beyond gastrulation. 

With cognatus Group. Three crosses were made between valliceps 

females from Austin, Texas, and cognatus males from Wheaton, Min¬ 

nesota. Many embryos showed exogastrulation and died in that stage 
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in all of the crosses, but there was hatching in two of the sets. In one 

cross, in which there was low fertilization, all of the embryos were 

dead two days after fertilization. In another cross, one abnormal larva 

hatched but was dead nine days after fertilization. In the third cross, 

in which there was high fertilization, only 129 of 300 larvae were alive 

three days after hatching, and only 33 of the 129 appeared normal. 

Only 65 larvae survived for another four days, and only 35 survived 

an additional 10 days. However, 23 of these 35 metamorphosed. A 

few of these survived to maturity but were lost before a backcross 

could be attempted. The adult hybrids resemble valliceps much more 

than they do cognatus (Fig. 2E). The broad vertebral stripe and 

general color pattern are vallicepsbut the large dorsal spots ap¬ 

pear to be inherited from cognatus. The crests are of the valliceps 

pattern, but they are less well developed than in the parental species. 

Three crosses between valliceps females from Austin, Texas, and 

compactilis males from Utley, Texas, yielded somewhat variable 

results. In one cross made with a sperm suspension, there was 60 per 

cent fertilization, but no larvae hatched. Development stopped at 

stages from neurula to heart-beat. In another cross, there was high 

fertilization, and 300 of those that hatched were kept under observa¬ 

tion. Approximately one-third of these were dead 24 hours later, at 

which time available larvae were added from stock pans to bring the 

number up to 240. All were dead three days later. In the third cross, 

there was high fertilization, and 600 larvae were kept under observa¬ 

tion. Of the 600 larvae. 539 were alive eight days after hatching, al¬ 

though 43 were abnormal, with 13 being deficient in melanin pigment. 

A total of 371 of the initial 600 metamorphosed, but others were un¬ 

able to do so. After 77 days from hatching, 151 of the initial 600 

tadpoles had developed no limbs. Eighty-three of these larvae were of 

normal size, 63 were dwarfed, and five lacked melanin. Three days 

later, thyroxine was added to the water of two pans containing a 

total of 32 larvae, and two other pans containing 36 larvae were ob¬ 

served as controls. Three days later, 26 of the 32 tadpoles in the 

thyroxine-treated pans had developed hind-limbs, while only one of 

the 36 in the control pans had done so. Within another day, eight of 

the treated larvae had the fore-limbs free, although they were stubby 

and abnormal in appearance, while there was no change in the con¬ 

trols. Within seven days after addition of the thyroxine, all of the 

treated tadpoles had metamorphosed, while none of the controls had 

done so. The remaining larvae were then treated with thyroxine, and 

39 died without metamorphosing and the remainder metamorphosed. 

Seven hybrids which survived more than two years before dying in 
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an epidemic of uredleg” showed no secondary sex characters and were 

assumed to be females, although several attempts to stimulate them 

to lay were unsuccessful. Dissection of one of the preserved toads re¬ 

vealed a small number of mature eggs, as well as small numbers in 

earlier stages of development. These toads resemble the valliceps 

parent much more than the compaciilis (Fig. 2D), but they can be 

identified at a glance by the less prominent, less keratinized crests 

and by the smaller parotoids. They also seem to be more spiny on the 

dorsal surface than is either parent species. 

With debilis Group. Three crosses between valliceps females from 

Austin, Texas, and debilis males from Big Spring. Texas, all made by 

use of sperm suspension, gave consistent results. Embryonic develop¬ 

ment was abnormal; there was marked exogastrulation, but a few ab¬ 

normal and inviable larvae were formed in all of the crosses. Three 

larvae died after showing muscular response in one cross, and one did 

so in another. In the third cross, the embryos were so abnormal that 

they were preserved, as it was doubtful that any would reach muscu¬ 

lar response. 

Crosses Involving debilis Group Females 

Crosses were made between debilis females and males representa¬ 

tive of the americanus, boreas, cognatus, punctatus, marinus, and 

valliceps species groups. The eggs of debilis differ from those of all 

other species with which it was crossed, except punctatus, in that they 

are laid singly rather than in strings, and the embryonic development 

differs considerably from that of other U. S. species. The larvae are 

tightly coiled in the egg before hatching. 

With americanus Group. Two crosses were made between debilis 

females from Liberty HilL Texas, and americanus males from Wil- 

burton, Oklahoma. Development ceased in both at gastrulation or 

after coiled larvae were visible in the eggs. The control for one cross 

stopped at gastrulation, apparently because inadequately aged tap 

water was added to the dish. 

One cross was made between a debilis female from Liberty Hill, 

Texas, and a hemicphrys male from Delta, Manitoba, using a semen 

sample obtained by electrical stimulation. Fertilization was low and 

early cleavage was abnormal. Development ceased in gastrulation. 

Three crosses were made between debilis females from Fentress 

and Liberty Hill, Texas, and woodhousei males from Fentress and 

Austin, Texas. In one cross, only three of a small number of eggs were 

fertilized, and all of these died as coiled embryos. The control showed 

normal development and hatching. In a second cross, a few coiled 
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embryos were formed, but failed to hatch. In the third cross, develop¬ 

ment ceased at gastrulation, but the control gave similar results 

probably attributable to use of inadequately aged tap water. 

With boreas Group. One cross was made between a debilis female 

from Liberty Hill, Texas, and an alvarius male from Eloy, Arizona, 

by use of a semen sample obtained by electrical stimulation. Of 22 

eggs, 15 were fertilized but stopped as exogastrulae except for one 

that died as a coiled larva. 

With cognatus Group. One cross was made between a debilis fe¬ 

male from Liberty Hill, Texas, and a compactilis male from Austin, 

Texas. Approximately 80 per cent of 30 eggs were fertilized; develop¬ 

ment ceased at gastrulation. 

With punctatus Group. One cross was made between a debilis fe¬ 

male from Liberty Hill, Texas, and a punctatus male from Austin, 

Texas. There was exogastrulation, and none survived beyond gastrula¬ 

tion. The control also stopped at gastrulation, apparently because of 

inadequately aged tap water. 

With marinus Group. One cross was made between a debilis female 

from Liberty Hill, Texas, and a marinus male from Colima, Mexico, 

by use of a semen sample obtained by electrical stimulation. Seven of 

15 eggs were fertilized, and all stopped development in gastrulation. 

With valliceps Group. Four crosses were made between debilis fe¬ 

males from Fentress and Liberty Hill, Texas, and valliceps males 

from Fentress and Austin, Texas. The results were consistent in that 

development mostly ceased in gastrulation, but with a few reaching 

the stage of coiled embryos and dying as such. 

DISCUSSION 

Relationships 

Many more hybridization tests will have to be made before the evi¬ 

dence from genetic compatibility can be applied with fullest confi¬ 

dence to the problem of the phylogenetic relations of North American 

Bufo. Nevertheless, the work (Table 1) has progressed to the point 

where certain conclusions can be drawn with confidence and others 

are at least implied. 

The americanus species group (Fig. 3, 4C) as delimited earlier in 

this paper, appears to be a natural group of closely related species. 

This group contains two series of populations, the woodhousei series 

with poorly tuned mating calls and dark-throated males and the 

americanus series with finely tuned calls and with males that have 

slightly colored throat skins. Toads of the woodhousei series occur 
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SYMBOLS 

0 - STOPPED AS 6ASTRULA 

N - STOPPED AS NEURULA 

L - STOPPED AS LARVA 

M - METAMORPHOSED, 

NOT CARRIED FURTHUR 

A - REACHED ADULT SIZE, 

NOT TESTED 

F - FERTILE F, 

S - STERILE F, 

* - LITERATURE RECORD 

Table 1. Results of hybridization experiments involving 14 species and one ad¬ 

ditional subspecies of toads (Bufo). 

sympatrically with all of those of the americanus series. There is a 

zone of apparently secondary intergradation connecting the well- 

marked populations that have been referred to as B. woodhousei and 

B. fowleri (A. P. Blair, 1941; Meacham. 1958). The americanus 

series contains five nominal allopatric species, of which americanus 

and terrestris possibly interbreed where they came into contact. The 

relationship of microscaphus to this group was recognized by A. P. 

Blair (1955) on morphological and ecological characters. Call struc¬ 

ture was cited by W. F. Blair (1956, 1957a, 1957b) as evidence for 

the inclusion of houstonensis, hemiophrys and microscaphus in this 

group. 

Of the 42 possible hybrid combinations involving the six nominal 

species and the two secondarily interbreeding subspecies of one of 

them (B. w. woodhousei and B. w. fowleri) 21 have been made either 

by us or by previous workers. Development through metamorphosis 

has been reported in 20 of the 21, and all of the six which have been 

tested by backcrossing to one or the other of the parent species have 

proved fertile. The only combination ( $ terrestris X $ microscaphus) 

in which the hybrids failed to survive to metamorphosis has been 

made only once, and it should be repeated before any great signifi¬ 

cance can be attributed to these divergent results. 
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Fig 3. The six species of toads of the Bufo americanus group: (A) americanus, Woodruff, 

Wisconsin; (B) terrestris, Gainesville, Florida; (C) houstonensis, Houston, Texas; (D) hemio- 

phrys, Delta, Manitoba; (E) microscaphus, Veyo, Utah; (F) woodhousei, O’Neill, Nebraska. 

Roughly proportional in size, but not to exact scale. 

In only one other species group, the cognatus group, with two 

species (Fig. 5A, B), have intragroup crosses been made. Hybrids be¬ 

tween compactilis females and cognatus males have survived to ma¬ 

turity, but developmental difficulties and lack of vigor of the meta¬ 

morphosed hybrids suggest greater genetic incompatibility between 

these two species than between members of the americanus group. 

Allocation of cognatus and compactilis to the same group is made 

largely because of the similar specialization of the vocal sac and throat 

skin that sets them off from other U. S. species of toads. The calls of 

the two species are structurally similar but greatly differentiated in 

duration (Blair. 1956), and the ranges of the two overlap along a 

long front from southwestern Kansas down over the Mexican Plateau. 

The only group with which members of the americanus group have 

been shown to produce metamorphosed hybrids in both reciprocal 

crosses involving members of the two groups is the Boreas group 

(Table 2). Of the 42 possible hybrid combinations involving members 

of the two groups, only six have been made. Metamorphosis occurred 
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in five of the crosses, and in the sixth the larvae were lost through 

technique before there was opportunity to metamorphose. None of 

the hybrids has been tested by backcrossing. Developmental abnor¬ 

malities were common in crosses involving B. w. woodhousei females 

and both boreas and alvarius males. The evidence nevertheless sug¬ 

gests that the toads of the boreas group (Fig. 4A, B) are possibly more 

closely related to those of the americanus group than are those of any 

other U. S. group. 

The evidence is good that the toads of the americanus group have 

evolved a high degree of genetic incompatibility with toads of the 

valliceps (Fig. 5D) and debilis (Fig. 4E) groups as represented by 

their U. S. species. Of the 14 possible hybrid combinations between 

americanus-growp toads and valliceps, eight have been made. In all 

five combinations in which the female parent was a valliceps develop¬ 

ment ceased at some stage prior to metamorphosis. Some metamor¬ 

phosis occurred in all of the three combinations in which the female 

parent was of the americanus group. In the only one of these tested 

Fig. 4. Six species representing five species groups of Bufo: (A) boreas from Moscow, 

Idaho, and (B) alvarius from Elroy, Arizona, of the boreas group; (C) B. woodhousei fowleri, 

Wilburion, Oklahoma; (D) punctatus, Austin, Texas; (E) debilis, Liberty Hill, Texas; (F) 

querccus, Waycross, Georgia. Roughly proportional in size, but not to exact scale. 
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Fig. 5. Four species representing three species groups of Bufo: (A) compactilis from Utley, 

Texas, and (B) cognatus from Wheaton, Minnesota, of the cognatus group; (C) marinus from 

Colima, Mexico; (D) valliceps from Austin, Texas. Roughly proportional in size, but not to 

exact scale. 

by backcrossing, however ($ woodhousei X S valliceps), zygotes 

formed by fertilization of eggs of both parental species by sperm from 

the hybrid males failed in developmental stages (Thornton, 1955). 

Since all of the Fi hybrids in this cross are male-like, and since fertili¬ 

zation by hybrid sperm results in inviable zygotes there is a block t# 
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gene exchange between these representatives of the two species groups. 

Of 14 possible hybrid combinations between americanus-growp 

toads and dehilis, only four have been made. In the three combina¬ 

tions involving debilis females, development ceased at pre-hatching 

stages. In the one cross involving an americanus-growp female, one 

abnormal hybrid metamorphosed but died before reaching sexual 

maturity. The available evidence, therefore, points to a high degree of 

genetic incompatibility between the americanus and debilis groups. 

Of 28 possible hybrid combinations between americanus-growp 

toads and the two species of the cognatus group, 10 have been made. 

In the three combinations involving cognatus-group females, develop¬ 

ment of the hybrids ceases in pre-hatching stages. All of the seven 

combinations involving americanus-growp females undergo metamor¬ 

phosis, and hybrids of four of these have been raised to adult size. Only 

one of these (9 woodhousei X $ cognatus) has been tested by back- 

crossing (to woodhousei). Young of the backcross generation failed at 

gastrulation, and present evidence thus shows no avenue of gene ex¬ 

change between the americanus and cognatus groups. 

Of the 14 possible hybrid combinations between americanus-growp 

toads and punctatus (Fig. 4D), five have been made. In two of three 

crosses involving americanus-growp females, metamorphosis occurred, 

but the hybrids have not been tested by backcrossing. In two crosses 

involving punctatus females and in one involving an americanus- 

Table 2. Summary of results of crosses between species groups of U. S. Bufo. 

Symbols in upper left of box refer to crosses in which female parent is in vertical 

column; those in lower right refer to crosses in which female parent is in hori¬ 

zontal column. Symbols: G, stopped at gastrulation; N, stopped as neurula; L, 

stopped as larva; M, metamorphosed. Shading indicates genetic block. 
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group female, development stopped at stages from gastrula to larva. 

The relations of punctatus to the other species groups remain unclear. 

The finely tuned mating call is structurally quite similar to the calls 

in americanus, houstonensis and terrestris of the americanus group. 

The habit on the Edwards Plateau in Texas of the males calling from 

dispersed positions along streams rather than in large aggregations is 

one that is shared with americanus and microscaphus, at least, of the 

americanus group. The habit of laying the eggs singly is one shared 

only with debilis among U. S. species of toads. 

Compatibility between the americanus-group toads and marinus 

(Fig. 5C) has been too little tested to draw any general conclusions. 

Of the 14 possible combinations, only two have been made. The hy¬ 

brids in both died at gastrulation. 

The boreas group, in addition to metamorphosing in crosses with 

members of the americanus group, has also been shown to metamor¬ 

phose when female punctatus is crossed with male boreas. In general, 

then, these three groups give the impression of being more compatible 

among themselves than they are with the remaining groups, but ad¬ 

ditional work is called for before this can be stated as a certainty. 

The cognatus group shows metamorphosis in both reciprocals of 

intergroup crosses only with the valliceps group, but there are many 

developmental abnormalities in hybrids between members of these 

two groups. The evidence available indicates that there is a genetic 

block to gene exchange between the cognatus group and the ameri¬ 

canus and debilis groups. Reactions with the boreas and marinus 

groups have not been tested. 

The species valliceps belongs to a poorly known group of species in 

Central America and tropical Mexico and appears to have no close 

relative in the United States. Gene exchange with the americanus, 

boreas, and debilis groups is blocked by genetic incompatibility in all 

crosses that have been attempted. On the other hand, metamorphosis 

occurs in both reciprocals of intergroup crosses involving the cognatus 

group, but the hybrids have not been tested. 

The species debilis has shown a genetic block in all attempted crosses 

with other U. S. species, and in only one cross, with a representative 

of the americanus group, has even an abnormal hybrid metamor¬ 

phosed. Whether the common habit of laying single eggs in punctatus 

and debilis is indicative of common ancestry or of convergent evolu¬ 

tion is presently unknown. It is of interest that the mating calls of 

these two species, which occur sympatrically over a wide area in the 

Southwest, differ in the same general way as do the calls of the wood- 
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housei and americanus series of the americanus group, with poor tun¬ 

ing in dehilis and a finely tuned call in punctatus. 

In general appearance marinus does not appear closely related to 

other toads that occur in the United States. The few crosses which 

have been made (with americanus and debilis groups) showed genetic 

incompatibility. 

Although only about one-third of the possible hybrid combinations 

among the U. S. species of toads discussed in this paper have been 

made (Table 1) the evidence from this source is in fairly general 

agreement with that from morphology and from call structure in re¬ 

gard to the evolutionary relationships of this faunal group. Among 22 

intragroup crosses, all but one combination, which should be repeated, 

showed metamorphosis, and all of the hybrids that have been tested 

have proved fertile. It is true, however, that all but one of these com¬ 

binations were in the large americanus group. Among 51 intergroup 

crosses, the hybrids failed as gastrulae in 13, as neurulae in 6. and as 

larvae in 9, and metamorphosed in 23. In both instances in which 

intergroup hybrids have been tested by backcrossing the backcross 

generation has been inviable. 

The cumulative data give a quite different impression of taxonomic 

and evolutionary situation in United States species of Bufo than is 

conveyed by the statement of Moore (1955) that, “Correlated with 

the fact that these are poorly differentiated forms in the taxonomic 

sense, we find that a high proportion of the crosses give hybrids that 

reach the adult stage.” Moore’s position was undoubtedly influenced 

by two historical facts: (1) a great majority of previously reported 

crosses were ones between members of the large americanus group, 

(2) in most previous work the hybrids were raised only to metamor¬ 

phosis, and the few in which the hybrids were tested by backcrossing 

were ones between species of the same group. In reading Moore’s tabu¬ 

lation of anuran crosses, it should be kept in mind that the notation 

“adult” refers only to the fact that the hybrids were raised through 

metamorphosis. The evidence from the crosses reported here indicates 

that genetic incompatibility may be evidenced at stages from gastrula 

to adulthood. Failure of hybrids often may come at gastrulation, but it 

may come also at later embryonic stages, during larval life, or even 

during adult life, and perfectly healthy adult hybrids may be effec¬ 

tively sterile. It is hoped, therefore, that, where possible, future work¬ 

ers with toad hybridization will carry their experiments to the stage 

of backcrossing to the parental species. 

Currently available evidence shows that some species of toads on 
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this continent have differentiated genetically from others to the extent 

that interspecific gene exchange is blocked; others have not, as first 

pointed out by A. P. Blair (1941). The americanus and boreas groups 

with respectively mostly eastern and western distributions on the 

continent are suggested as possible remnants of a single evolutionary 

line within North American Bufo, and punctatus possibly belongs with 

this assemblage. It also appears that debilis and valliceps belong to 

separate and distinct phylogenetic lines, as possibly also does marinus. 

The position of the cognatus group is uncertain, with the evidence 

from genetic compatibility suggesting some affinity with both the 

valliceps and the americanus lines. 

Genetic Incompatibility as an Isolating Mechanism 

Genetic incompatibility is obviously an isolating mechanism of 

great effectiveness where it occurs, but in the toads it appears that 

premating isolating mechanisms of mating-call differences that permit 

discrimination in mixed breeding populations and ecological and 

habitudinal differences that restrict the formation of mixed breeding 

aggregations are the usually effective mechanisms. Nevertheless, the 

existence of an effective genetic barrier to crossing of sympatric 

species may be important in determining the future evolutionary 

history of those species if other isolating mechanisms tend to break 

down. There are two contrasting cases in the toads. 

The species woodhousei and valliceps, belonging to different species 

groups show a genetic block in both reciprocals of the species cross, 

although male-like hybrids are formed in one combination. Natural 

Fl hybrids have been found in situations in which the environment has 

been disturbed by man (Thornton, 1955; Volpe, 1956) but intro- 

gression of the characters of one species into the other is blocked. A 

contrasting situation is found in the americanus group (A. P. Blair, 

1941, 1955; Volpe, 1952; Cory and Manion, 1955) where woodhousei 

and toads of the americanus series form sympatric hybrids, probably 

also as a result of environmental disturbances by man. Although the 

fates of hybrid and recombination individuals in this situation need 

further study, it is obvious that here exists the possibility of the fusion 

of formerly distinct sympatric populations. 

Morphological Characters of the Hybrids 

Some of the morphological characters distinguishing the species of 

toads are sufficiently objective that the phenotypes of the hybrids can 

be attributed to the dominance of the characters of one or the other 

parents or to intermediacy between them (Table 3). The color pattern 

may be intermediate (compactilis X cognatus), but more often the 

pattern of one or the other parent shows at least partial dominance. 
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In six instances the pattern is more like that of the female, and in two 

it resembles that of the male. The valliceps pattern is strongly ex¬ 

pressed in the F, hybrid of the three combinations in which this pat¬ 

tern is involved (Fig. 2D, E). The ground color similarly tends to 

resemble that of one parent more than it does that of the other, and 

three hybrid combinations have coloration more like that of the fe¬ 

male parent, while three have coloration more like that of the male 

parent. The green coloration of cognatus and compactilis is at least 

partially dominant in crosses with woodhousei. Where the cranial 

crests of the parental species differ markedly, the characters of one or 

the other of the parent species are reflected in the Fi5 although in no 

instance are the crests completely like those of that parent. In other 

instances the crests appear intermediate. The shape of the parotoid 

glands and that of the metatarsal tubercles is intermediate with the 

exception that the hybrid between terrestris and debilis has a meta¬ 

tarsal tubercle very much like that of the female parent. The throat 

color of male hybrids between B, w. fowleri and hemiophrys is black, 

like that of male fowleri. The throat color of the male hybrids between 

woodhousei and valliceps is the greenish yellow of the valliceps parent. 

The median pleating of the gular skin in male cognatus and compac¬ 

tilis, related to their sausage-shaped vocal sacs, is very different from 

the unspecialized throat skin of woodhousei, which has a globular 

vocal sac. The hybrids between woodhousei females and cognatus and 

compactilis males have throat skins that appear to be intermediate be¬ 

tween those of males of the parental species, although they appear to 

be somewhat more like those of woodhousei than those of the other 

species. The hybrids between valliceps and compactilis appear to be 

somewhat more spiny on their dorsal surfaces than are either of the 

parental species. 

SUMMARY 

The results to date of crosses among U. S. species of toads (Bufo) 

are discussed, and the present state of knowledge about genetic in¬ 

compatibility as a clue to evolutionary relationship and as an isolat¬ 

ing mechanism in this faunal group is summarized. Approximately 

one-third of the possible hybrid combinations of the 14 species and one 

additional subspecies discussed have been made. Twenty-one of the 

22 hybrid combinations of species in the same species group, as ar¬ 

ranged primarily on morphology and call structure, have undergone 

metamorphosis, and all of the six that have been tested by back- 

crossing have proved fertile. Twenty-eight of 51 hybrid combinations 

involving members of different species groups failed at stages prior to 
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metamorphosis. Among the 23 inter group combinations in which 

metamorphosis occurred, two have been tested by backcrossing and 

found effectively sterile, and the abnormal offspring in another failed 

to survive to sexual maturity. The remaining 20 have not been tested. 
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The americanus group, with six species, the horeas group, with 

three species, and punctatus appear possibly more, closely related 

among themselves than they are to other U. S. species. The species 

debilis, valliceps, and probably marinus appear to represent distinct 

evolutionary lines insofar as U. S. species are concerned. The position 

of the cognatus group, with two species, is uncertain. 

Genetic incompatibility in the toads may be a post-mating'isolating 

mechanism of great significance- if other (pre-mating) mechanisms 

break down, as in B. woodhousei and B. valliceps. The external mor¬ 

phological characters of one parental species may appear to be largely 

dominant in the Fx hybrid. This is particularly true of the valliceps 

color pattern and crests in crosses with members of the cognatus 

group and of the debilis color pattern in a cross with terrestris of the 

americanus group. As expected, some of the hybrids resemble one 

parent in some characters and the-other parent in others. 
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Stomach Contents of the American Egret, 

Casmerodius alhus, in Travis County, Texas 

by DON HUNSAKER II 

University of Texas 

An American Egret was collected in Travis County, Texas on 

November 28, 1958, as it was feeding near a small stream. The 

stomach contents indicate that it had been feeding extensively on 

reptiles and amphibians and, if these birds were present in large 

numbers, would provide a notable source of predation on aquatic 

reptilian and amphibian populations. 

The contents of the stomach included: 2 snapping turtles (Chelydra 

serpentina), 40.5 mm. and 37.0 mm. carapace length; a ribbon snake 

(Thamnophis sauritus) 22.5 cm. total length; a portion of a yellow- 

bellied water snake (Natrix erythrogaster) 5.5 cm. in length from a 

snake estimated to be 10 cm.; a head, portions of a thorax, abdomen, 

hind legs and foot of a leopard frog (Rana pipiens) 5 cm. snout vent 

length; the head, thorax and wings, probably of the same specimen of 

a grasshopper (Melanoplus sp.) and portions of the thorax, abdomen 

and femurs of a Melanoplus sp. 

Bent (1926) states that the food of the American Egret consists of 

frogs, lizards, small snakes, mice, moles, fiddlers, snails, grasshoppers 

and other insects, and vegetation. No reference was found of turtles 

in the diet of these birds. 
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The Species of Galium (RubiaceaeJ 

in Trans-Pecos Texas 

by A. MICHAEL POWELL 

Sul Ross State College 

Abstract. The distributions of the species of Galium in trans-Pecos 

Texas as revealed by herbarium specimens at Sul Ross and the Uni¬ 

versity of Texas are given by maps. A key to the species is provided. 

The six species are enumerated, giving nomenclature, synonymy, and 

overall distribution. 

Galium is a genus of about 250 species of herbs distributed through¬ 

out the temperate regions of the world (Gray, 1886; Willis, 1951). 

Six species occur in trans-Pecos Texas. Our species has been worked 

out by Gray (culminating in the synopsis of 1886). 

KEY TO THE SPECIES 

la. Leaves 6 at each node.1. G. Aparine 

lb. Leaves 4 at each node.. (2) 

2a. Fruit and leaves glabrous . . 2. G. microphvllum 

2b. Fruit and leaves pubescent.(3) 

3a. Hairs on fruit straight; internodes at mid-stem 

(0.2-) 0.7-2.5 (-3) cm long; stems much 

branched . . . . . . 3. G. Wrightii 

3b. Hairs on fruit hooked; internodes at mid-stem 

(0.6-) 1.0-6.0 (-6.5).(4) 

4a. Larger leaves including petioles 0.7-1.9 cm 

long, 1.5-2.8 times as long as broad; strong 

perennial; stems sprawling, flowers borne 

on lateral branches with reduced bract-like 

leaves . . . . . . . 4. G. uncinulatum 

4b. Larger leaves including petioles 0.5-0.9 cm 

long, 2.5-3.3 times as long as broad; an¬ 

nuals or weak perennials . . . . (5) 

5a. Flowers borne on peduncle-like lateral 

branches with 1-3 internodes, each 

node of which bears two reduced bract¬ 

like leaves.5. G. proliferum 
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5b. Flowers sessile in the axils or borne on 

lateral branches shorter than the leaves 

.6. G. virgatum 

Plants of this species are widely distributed in the temperate regions 

of the world (Fernald, 1950: 1321). 

“The seeds of G. Aparine have been used as a substitute for coffee, 

and the beverage is said to have a distinct coffee flavor.” (Kearney & 

Peebles, 1951: 809). 
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2. GALIUM MICROPHYLLUM Gray, PL Wright. 1: 80. 1852. 

Mountains at the Pass of the Limpia, in crevices of rocks, and in the 

valley of the Limpia; Aug., Jeff Davis County, Texas, Wright exs. 234. 

Plants of this species occur from our area west to Arizona and south 

into Mexico (Kearney & Peebles, 1951: 810). 

3. GALIUM WRIGHTII Gray, PL Wright. 1: 80. 1852. Crevices 

of rocks, on mountains, in the Pass of the Limpia; Jeff Davis County, 

Texas, Wright exs. 235. 

Plants of this species occur from our area west to Arizona and in 

northern Mexico (Kearney & Peebles, 1951: 811). 

VAR. OBSTIPUM 
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4. GALIUM UNCINULATUM DC., Prodr. 4: 600. 1830. Between 

Tampico, Tamaulipas, and Real del Monte, Hidalgo, Berlandier s.n. 

We have only the variety OBSTIPUM (Schlecht.) Wats, Proc. Am. 

Acad. 18: 99. 1883, based on Galium obstipum Schelcht. Linnaea 9: 

592. 1834. Shady woods at Jalapa, Vera Cruz, May, 1829, and near 

San Miguel del Soldado, June, 1829, Schiede. 

These plants are widely distributed in the eastern mountains of 

Mexico, north to Brewster County, Texas. 

5. GALIUM PROLIFERUM Gray, PI. Wright. 2: 67. 1853. Pub¬ 

lished as a new name for Galium virgatum var. diffusum Gray, PI. 

Wright. 1: 80. 1852. Western borders of Texas (high rocky hills of 

the Pecos, June, 1851), Wright. Apparently the original specimen was 

a unicate, and therefore was not given a distribution number by Gray. 

Specimens distributed under the number 1112 seem to be of the 1852 

collection. 

This species occurs from San Bernardino County, California, east 

to Starr County, Texas, and south to northern Chihuahua, Coahuila, 

and Nuevo Leon and north to Utah and Southern New Mexico. 

6. GALIUM VIRGATUM Nutt, ex T. & G., FI. No. Amer. 2:20. 

1841. “Dry prairies of Arkansas, Western Louisiana, and Texas, 

Nuttall! Dr. Leavenworth! Dr. Pitcher! Dr. Engelmann! Dr. Hale! 

Drummond!” 

Plants of this species occur in Franklin County, Alabama, Cowley 

County, Kansas, southern central Missouri, Rutherford County, Ten¬ 

nessee, Baxter County, Arkansas, Natchitoches Parish, Louisiana, east- 
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ern Oklahoma, and in Texas as far south as Cameron County, and 

west to our area. 
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A Portable Temperature and Conductivity 

Bridge for Field Use 

by. CHARLES M. PROCTOR1 and WALTER ABBOTT2 

The Agricultural & Mechanical College of Texas 

INTRODUCTION 

Since thermistors first became commerically available in the mid¬ 

dle 1940’s, they have been employed in many circumstances where 

precise temperature measurement or control is required. An excellent 

summary of these uses has been presented by Dowell (1948), while 

specific details regarding resistance thermometers are available in the 

publications of Becker et al. (1946) and Deeter (1948). A novel appli¬ 

cation as part of a “hot wire” type anemometer is described in O. S. 

R. D. Report No. 4699. 

A portable instrument for precise determination of temperature and 

conductivity was the goal leading to design of the instrument described 

here, but additional uses suggest themselves frequently during applica¬ 

tion of the bridge in the field and in the laboratory. 

DESIGN CONSIDERATIONS 

The underlying principle of both resistance thermometry and con¬ 

ductivity measurement is determination of a resistance proportional 

to the datum sought, usually by the use of a precise wheatstone bridge 

circuit. In the case of thermometry, use of a thermistor as sensing 

element requires low bridge potentials (preferably less than two 

volts). Conductivity determination permits a wider potential range, 

but requires alternating current in order to avoid electrode polariza¬ 

tion and electrolysis. 

For reasons of economy and time, this instrument was constructed 

almost entirely from parts already on hand. The unit is reasonably 

compact, total weight being approximately fifteen pounds. Battery 

life under conditions of intermittent use has been found to be in excess 

of one year. Transistors represent an obvious means for weight reduc¬ 

tion, and such a modified instrument is being considered. 

1 Present address: Aero-Space Div., Boeing Airplane Co., Seattle 24, Washington. 

2 Present address: Department of Biology, The Rice Institute, Houston, Texas. 

460 



TEMPERATURE AND CONDUCTIVITY BRIDGE FOR FIELD USE 461 

The circuit presented here (Figure 1) consists of an audio signal 

generator, a modified bridge for the sensing unit, and an amplifier 

which feeds the headphones for aural detection of null point. The first 

design was constructed by Mr. William Ward Jones, H & J Electric 

Co., Houston, Texas, and, while not satisfactory, served as a guide in 

subsequent development. 

Low voltage, filament-type tubes are used throughout. Each fila¬ 

ment is powered by a separate 1.5 volt flashlight cell so that cathode 

biasing is possible. This eliminates need for “C” batteries to provide 

grid bias, and gives reasonable life for the filament batteries. The 

mounts for the flashlight cells are readily available from hobby shops 

for a few cents each. 

All batteries must be turned off individually, so a 3-pole switch is 

provided for the signal generator and another for the amplifier. These 

are two separate three-pole, three position, shorting type, rotary 

switches in the model presently in use, but the two sections could be 

operated by a single, long shaft extending through the shield between 

the units. 

FIGURE I 

Fig. 1. Circuit of th Completed Instrument. The signal generator provides about 2 volts 

across the output transformer secondary, which also serves as two of the bridge arms (Proctor, 

1955). A conductivity cell, or other resistive sensing elemnt, can b substituted for the 

thermistor. A microammeter with crystal diode rectifiers could be used to supplement or 

replace the headphones, as suggested by Todd (1957). See text for details of switching 

arrangement. 
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The balancing section of the bridge is a modified Eico No. 1171-K 

Decade Resistance Box.3 
The signal generator, decade resistance box, and amplifier are 

mounted in separate, shielded compartments in order to prevent stray 

signal pickup by the amplifier. The lead from the bridge to the ampli¬ 

fier is shielded. The entire apparatus is mounted in a small carrying 

case with dimensions 10" X 15" X 6^/2". The care that is necessary 

in the layout of parts and in construction is of the same order as that 

which is required in building a preamplifier for a hi-fi system. 

CIRCUITRY 

The inductive-feedback oscillator is loosely coupled to a buffer 

amplifier which provides the bridge signal. The oscillator transformer 

has a low feedback ratio, necessitating a high [x tube for sustained 

oscillation. Use of the circuit constants presented in the diagram re¬ 

sults in a good approximation of a 4000 cycle sine wave. The 0.03 

mfd condenser in the buffer amplifier plate circuit was found neces¬ 

sary to obtain a good wave-form. 

Two arms of the bridge are formed by the tapped output trans¬ 

former (Proctor, 1955; 1956). There is no attempt to achieve equality 

of bridge arms, as sensing elements must be calibrated, and this cali¬ 

bration is conveniently made in terms of decade box readings rather 

than absolute resistance values. 

This Eico decade covers the range from zero to 99,999 ohms in one 

ohm step. Unfortunately, non-shorting switches are used, with the 

result that the full signal comes through momentarily during switch¬ 

ing. This effect is not serious in the higher resistance ranges, and is 

obviated in fine measurement by direct replacement of the “units” 

switch with a 10 ohm, wire-wound potentiometer. Selection may be 

necessary to obtain a potentiometer having resistance of exactly ten 

ohms and shaft rotation that fits the 0 to 10 calibration on the decade 

box. An obvious alternative to the decade box would seem to be the use 

of a precision. 10-turn potentiometer for bridge balancing. These po¬ 

tentiometers are inductively wound, however, and are thus generally 

unsuitable for use in alternating current bridges. If necessary, the 

bridge range can be extended by a switching arrangement on the 

transformer (Proctor, 1955). 

The null-detector is of conventional design. Tube type 1U5 was 

chosen for the input stage because it is non-microphonic—an ex¬ 

tremely important property. The output transformer is a war sur- 

3 Product of Electronic Instruments Company, Long Island City, New York. 
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plus unit. Various arrangements are possible here, depending upon 

the type of headphones available. An interstage audio transformer can 

be used in reverse for an approximate match to 500 ohm or 2000 ohm 

’phones. In this case, the secondary must be resistance-capacitance 

coupled to the plate of the output tube so that no DC current flows in 

the transformer. A plate resistor of 10,000 ohms and a coupling con¬ 

denser of 0.1 to 0.5 mfd should prove satisfactory. 

OPERATION AND PERFORMANCE 

The off-on switches are operated in two steps so that preliminary 

filament warming is provided before plate voltage is applied to the 

tubes. 

The gain control is set at moderate volume until approximate bal¬ 

ance is obtained. Gain is then adjusted to a comfortable level, de¬ 

termined by experience, for final balancing. The most effective method 

for obtaining the final null consists in rapid rotation back and forth 

of the “units” knob. This produces a “wow” effect which accentuates 

the minimum signal point. 

In laboratory “blindfold” tests, decade box readings of 4945, 4945, 

and 4944 were obtained with a resistor across the sensing element 

terminals. When an oscilloscope was substituted for the headphones, 

a null reading of 4945 was found for the same resistor. No change 

was introduced when the resistor was placed at the end of a six foot 

length of shielded cable. 

In field use, a VECO type 32A14 thermistor probe is used as ther¬ 

mometric sensing element. The resistance of this thermistor varies 

from approximately 6000 ohms at zero degrees C to 800 ohms at 50 

degrees C along an exponential curve (Dowell, 1948, Proctor, 1955). 

As the thermistor is quite delicate, it is protected from mechanical in¬ 

jury by a mounting developed by Proctor (1955,1956). This mounting 

is shown in Figure 2. 

The instrument has given satisfactory service as a field thermometer 

in use by Abbott and Hoese (In Press) during the winter of 1956 

(Table 1) and by Hoese (Unpublished) during the summer of 1957. 

Equilibrium time was found to be a matter of a few seconds. 

Use as a conductivity bridge was made by Dr. Victor Springer dur¬ 

ing the summer of 1957, while studies of Aransas Pass were being 

carried out. The bridge functioned satisfactorily but the usual marine 

complications involving poisoning and fouling of electrodes led to 

termination of this work after a few weeks. 

4 Victory Engineering Corporation, Springfield Road, Union, New Jersey. 
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T 

Fig. 2. Thermistor mount. Commercial mountings have recently become available (Veco and 

others) but this one can be constructed easily from standard gas fittings and radio chasis 

grommets (Proctor 1955, 1956). 

Note: the grommets may stick. Care should therefore be used so as not to break the thermistor 

when taking the unit apart. 

Table 1 

Temperature Data for Minter Spring, Brazos County, Texas (Abbott and Hoese, 

In Press) 

Date Time 

Temperature—°C 

Air 

Water, depths given in meters 

0.00 0.60 1.22 1.80 2.45 

11-3-56 1615 17.2 22.9 23.8 23.8 23.8 23.0 

11-7-56 0845 20.0 22.3 23.0 23.0 23.0 23.0 
H-17-56 1430 19.5 23.0 23.0 23.0 

11-24-56 2215 6.8 22.5 22.6 22.6 

11-25-56 0300 7.0 22.6 22.6 22.6 

Following the summer use of the instrument, a check of calibration 

curves for thermometry was made in the fall of 1957. Agreement 

with the original calibration curves within 0.05 degrees C was found. 

Calibration was again checked in the fall of 1958, and similar agree¬ 

ment was found. 

No temperature compensation is built into the instrument, although 

the decade resistors obviously show variation with temperature. This 

effect can be overcome by calibrations at several ambient tempera¬ 

tures, as simple curve shifts appear to be involved. According to Dr. 

J. T. Conover (Personal Communication), a portable conductivity 

meter employing temperature compensated circuits is under develop¬ 

ment at Woods Hole Oceanographic Institution. The additional circu¬ 

itry does not seem justified for the present instrument because of con¬ 

siderations of cost and ruggedness. 
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ADDITIONAL USES 

It is possible to devise a sensing element consisting of a blackened 

body such as a copper sheet in contact with a thermistor for radiation 

measurements. A pair of such units, one shaded and one illuminated 

will show a resistance difference proportional to incident radiation. 

Ward (1957) describes two such units—a hemispherical short-wave 

radiometer similar to the Moll-Gorczynski solarimeter, and a total 

radiation fluxmeter. Use of the bridge in conjunction with a humidity 

sensitive resistance strip is an obvious application, and some consider¬ 

ation should be given to modification of the O.S.R.D. procedure men¬ 

tioned earlier in order to obtain microanemometric data in the field. 

Correspondence on these and any other points will be welcomed 

by the authors. 

SUMMARY 

A portable, inexpensive AC bridge for thermometric and conducti- 

metric measurements is described. The original model has been in use 

for several years and has functioned satisfactorily. Further possible 

uses are suggested. 
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Aminoalcohols as Buffering Agents, II 

Protolysis Equilibria of Diethanolamine 

by GEORGE CHREMOS and HOWARD K. ZIMMERMAN, JR. 

Agricultural and Mechanical College of Texas 

The possibility and desirability of using aminoalcohols and their 

acid conjugates as buffering agents in the pH range, 7 to 9, has been 

noted before (Bates, 1954). However, it appears that no systematic 

investigation of these compounds for this purpose has been carried out. 

Apparently the only detailed reports on such materials now in the 

literature are those on ethanolamine by Bates and Pinching (1957) 

and on triethanolamine by Weidmann and Zimmerman (1959), while 

a systematic study of the ionizations of a wide variety of amines over 

a narrow temperature range made many years ago by Hall and 

Sprinkle (1932) remains the most comprehensive work of that type in 

the field. Mention may also be made of certain studies on a few com¬ 

pounds such as tris (hydroxymethyl) aminomethane (Bates and 

Pinching 1949) which have been found to be very useful as buffers. 

Since the best performance of any buffer is realized at pH values in 

the close vicinity of the pKa-value for the acid conjugate, it is obvious 

that a good coverage of the ‘‘difficult” pH range from 7 to 9 requires a 

thorough knowledge of the ionization characteristics of as wide a 

variety of materials having ionization constants in this region as is 

possible. The well-known variability of the ionizing power of amine 

acid-conjugates with variations in substituent groups on the amino 

nitrogen (Brown, 1945) suggests that this need can be met by a fairly 

complete set of information about the various aminoalcohols, and 

especially the highly soluble ethanolamines. As a further contribution 

to this problem, we present here the results of an investigation into 

the quantitative ionizing properties of diethanolamine which now 

completes the pattern of data for simple amino-ethanols and lays a 

basis for a continuing study of substituent effects over a relatively 

wide temperature range. 

EXPERIMENTAL 

Materials:—Eastman Kodak white label diethanolamine was puri¬ 

fied by distillation through a fractionating column under about 3mm. 

467 



468 THE TEXAS JOURNAL OF SCIENCE 

pressure. The middle fraction boiled at a constant 132°C. A. R. grade 

HC1 in C02-free distilled water was standardized through a freshly- 

prepared NaOH solution using potassium acid phthalate as primary 

standard. An approximately 0.2 molar C02-free solution of A. R. grade 

KC1 was used to vary the ionic strength of the system. 

Measurements:—Several solutions were prepared containing gradu¬ 

ated amounts of KC1 and a 1:2 molar ratio of HC1 to diethanolamine. 

Their pH values were determined with a Beckman Model H-2 glass 

electrode pH meter after having been brought to thermal equilibrium 

with a water bath where the temperature was regulated within 0.1 °C. 

RESULTS AND DISCUSSION 

Since each solution was half-neutralized with respect to the dietha¬ 

nolamine, the measured pH constitutes the apparent ionization con¬ 

stant, pKa, for the acid-conjugate, according to the reaction, 

HDEA+*±H++DEA (1) 

The effect of increasing the ionic strength is to increase this apparent 

ionization constant slightly. The ionization constant at zero ionic 

strength pK°a is obtained by extrapolating a graph of pKa against ionic 

strength to the intercept at an ionic strength of zero. This procedure 

is illustrated in Fig. 1. 

The slope of the plot of pKa against ionic strength, ———-, varies from 
d/x 

0.925 at 15° to 0.37 at 55°, and the temperature dependence of this 

variation obeys the equation, 

("—5———)' -9002.3 = -T- + 739.513T - 138361 (2) 
d fx dfx 

where T is the temperature in °K. 

The limiting ionization constants, shown in Fig. 2, obey the temper¬ 

ature-dependency relation, 

561 2 
pK°a = 18.082 - —— - 0.02427T. (3) 

Combining the results of equations (2) and (3), we obtain the 

following relation for the apparent ionization constant of diethanola¬ 

mine as a function of temperature and ionic strength. 

561 2 
pKa = 18.082 - - 0.02427T + [4501.15 - 

(20,120,990 + 739.513T - T2)1^]^ (4) 

When equation (4) is put into the well-known buffer equation, the 

pH of a diethanolamine-buffered solution is given by 
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pH = 18.082 - - 0.02427T + log ^DEAJ 
T - ' [HDEA+] 

[4501.15 - (20,120,990 + 739.513T — T2)Vz]/x (5) 

Fig, 1. Variation of pK with ionic strength. The numbers on the figure indicate the tempera¬ 

ture for each curve. 

Finally, it must be noted that there is a disagreement of about 0.1 

pH unit between our results and those of Hall and Sprinkle (5) for 

the present compound. Since these authors do not give details con¬ 

cerning their measurements with this substance, we are unable to 

judge critically the absolute accuracy of their data. However, inas¬ 

much as our data repeatedly reproduce themselves upon reiteration of 

the experiments, using entirely new solutions, we incline to view them 

as reliable within the experimental error inherent in our method. As 

a very tentative possible explanation of the discrepancy, it may be 

suggested that contamination of diethanolamine by triethanolamine 

could produce error in precisely the direction shown by the deviation 

of data of Hall and Sprinkle from the results which we have found. 
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Free RadicalPreoaration of (CF;P).; 

by WILLIAM H. WATSON 

Texas Christian University 

Because of the unusual four membered phosphorous ring and its 

anticipated use as an intermediate in further synthesis reactions, a 

direct preparation of (CF3P) 4 using CF3- radicals has been investigated. 

An increasing number of reactions involving this tetramer of CF3P 

are known1’2 but the many possibilities for its use are relatively unex¬ 

plored. Three methods devised by Burg3 for the preparation of this 

compound have been previously reported. The starting materials for 

these reactions are time-consuming to prepare and sometimes can only 

be purified with difficulty by tedious vacuum distillation. The previous 

three methods of synthesis can be summarized as follows: 

CF3PX2 + Hg = (CF3P)4 + other products 

P2(CF3)4 3=oc (CF3P)4 + (CF3)3P + other products 

(CF3)2PH He (CF3P)4 + HCF3 

The compound CF3PI2 used in the first reaction was first prepared 

in a two-step synthesis by Henne and Finnegan.4 Silver trifiuoroacetate 

(AgC02CF3), also a good source of CF3- radicals, was reacted with 

iodine for forty-eight hours at 200°C. yielding CF3I which was then 

separated from the reaction mixture by distillation. The CFSI was 

then reacted with phosphorous in the presence of iodine and an 18% 

yield of CF3PI2 was obtained. Burg et al.5 used a one-step synthesis 

reacting silver trifiuoroacetate with iodine and phosphorus in a steel 

bomb for one hundred and twenty hours at 195°C. and obtained 

(GF3)3P, (CF3)2PI, CFgPL and other products. In this reaction the 

silver trifiuoroacetate had to be carefully layered between the iodine 

and phosphorous or chilled to — 78°C. to prevent their reacting. The 

compounds were then separated by vacuum distillation. There is also 

considerable inconvenience caused by C02 introducing oxygen con¬ 

taining impurities in the reaction mixture. 

The P2(CF3)4 used in the second reaction was prepared by shaking 

(CF3)2PI, which was obtained from the reaction described above, with 

mercury6. The investigators in this work postulated that most of these 

reactions were of a free radical mechanism. 

The starting material for the third reaction, (CF3)2PH, was first 
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prepared by Bennett et aU by a catalytic hydrogenation of (CF3) 2PI 

using Raney nickel. Burg and Mahler8, using another procedure, pre¬ 

pared (CF3) 2PH in 35% yield by shaking (CF3)2PI with mercury in 

the presence of a protic acid such as HC1. 

The synthesis proposed in this article avoids the tedious and time- 

consuming preparation and purification of the intermediates and yields 

(CF3P)4 directly in a one-step reaction. Since phosphorus exists as 

discrete P4 molecules in the gaseous and liquids phases, it seemed 

feasible that a direct reaction with CF3- radicals should yield (CF3P)4. 

This reaction involves the breaking of a phosphorus-phosphorous bond 

by the radical leaving each phosphorous bonded to two others and then 

pairing the resulting unshared electron with that of the radical. 

EXPERIMENTAL 

Trifluoromethane (“Freon-23”), kindly supplied by the Fluoro- 

chemicals Development Division of the E. I. duPont De Nemours and 

Company, benzoyl peroxide from Matheson. Coleman, and Bell, and 

the yellow form of phosphorous were used in all reactions. All appa¬ 

ratus used was thoroughly cleaned, dried and kept in an atmosphere 

of CHF3 or argon. 

Approximately 0.2 gms. of benzoyl peroxide were placed in a glass 

tube which was wrapped with an electric heating tape. The tube was 

heated to 102-104°C, the decomposition point of benzoyl peroxide, 

and a slow stream of trifluoromethane was passed over it yielding CF3- 

radicals. The CF3- radicals were immediately mixed with a stream of 

P4 molecules carried by argon gas. The mixture was then bubbled 

through an acetone trap in which the product (CF3P)4 is soluble. The 

acetone is then evaporated and the product is recovered. The (CF3P)4 

may be purified by further solvent extraction and evaporation. From 

a reaction time of fifteen minutes, 0.075 gm. of a clear transparent 

crystalline material were obtained. 

A free radical reaction in the liquid phase was then attempted. 

Approximately 0.2 gm. of benzoyl peroxide together with phosphorous 

dissolved in carbon disulfide were added to forty milliliters of sodium 

dried dioxane. The heterogeneous mixture was heated until the dioxane 

began to reflux, 101.5°C., and then trifluoromethane was slowly 

bubbled through the reaction mixture. The reaction was stopped after 

forty-five minutes and 0.016 gm. of product were subsequently re¬ 

covered along with a small amount of benzoic acid. 

A third reaction was attempted with phosphorous deposited on glass 

wool from a carbon disulfide solution. Trifluoromethane was again 

passed through a tube containing benzoyl peroxide heated to 102- 
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104°C. and then over the phosphorous deposited on the glass wool. The 

product was recovered from the trap and the glass wool by washing 

with acetone. Approximately 0.015 gm. of product were recovered 

after a forty-five minute reaction. 

IDENTIFICATION 

The melting point in a sealed evacuated tube was found to be 63- 

65 °C. which agrees with the value of 65 °C. observed by Burg.1 The 

vapor pressure was found to be 18 mm. at 50°C. The cryoscopic molec¬ 

ular weight was found to be 378 which is in fair agreement with the 

calculated molecular weight of 400. The crystals are stable in the 

absence of air and are soluble in most organic solvents and acetic acid. 

The compound when titrated with iodine required approximately four 

equivalents of I2 according to the reaction. 

(CF3P)4 + 4I2 = 4CF3PL. 

This product, upon alkaline hydrolysis, yielded the corresponding 

volume of trifluoromethane according to the reaction. 

OH 
CF3PIo —» CHFo + other products. 

DISCUSSION 

The compound (CF3P)4 can be readly prepared by a direct reaction 

of P4 molecule with CF3 radicals generated from CHF3. Since silver 

trifluoroacetate is a good source of CF3- radicals a direct reaction with 

phosphorous should also be possible. However, it is believed that the 

driving force of the reaction is supplied by Agl formed since NaC02CF3, 

P4, and I2 give a very poor yield of volatile CF3P compounds.9 Never¬ 

theless, the reaction between AgC02CF3, P4 and I2 might be interpreted 

as follows: 

ASCO.CF, kz <Sk :?Z> 
CF3PI2 (CF3P)4 + other prod. 

It is possible that a silver complexing agent, which will not react 

with (CF3P)4, might supply the necessary driving force for a direct 

reaction between AgC02CF3 and P4. 
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The Thermal Decomposition of Inorganic 

Compounds III. Copper Amine Complexes 

by WESLEY WENDLANDT and ROGER WHEALY 

Texas T echnological College and Texas A. and M. College 

INTRODUCTION 

This is the third paper on the thermal decomposition of inorganic 

compounds (Wendlandt, 1958a). In this paper, the thermal decompo¬ 

sition of the amine complexes of the copper halides is presented. 

Although the copper ion forms a large number of complexes with 

organic ligands, relatively few of them have been subjected to thermal 

decomposition on the thermobalance. Duval (1953) has studied the 

thermal decomposition of about 40 copper complexes. His work in¬ 

cluded many different types of complexes but was not complete enough 

so that correlations between structure of the complex and thermal 

stability could be made. 

In this paper, the thermal decomposition of copper complexes of the 

general formula, (amine H)nCwX2+n, was studied on the thermobal¬ 

ance. The amines were aniline, pyridine, ethylamine, methylamine, 

p-toluidine, triethylamine, and tetramethylammonium, while the X 

was chloride or bromide. 

APPARATUS 

An automatic recording thermobalance as previously described by 

Wendlandt (1958b) was used. The thermobalance furnace had a 

linear heating rate of 5.4°C. per minute. The sample sizes ranged in 

weight from 70 to 100 mg. A slow stream of air was passed through 

the furnace during the thermal decomposition run. Duplicate, and in 

some cases triplicate, runs were made on all of the samples. 

PREPARATION OF COMPLEXES 

The complexes were prepared by metathetical reactions between 

equivalent molar quantities of the amine hydrochloride and the anhy¬ 

drous copper (II) halides in anhydrous methanol solutions. In some 

cases the precipitation was instantaneous, in others, anhydrous diethyl 

ether had to be added to cause precipitation. The precipitated corn- 
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plexes were separated by filtration through sintered glass crucibles, 

washed repeatedly with a mixture of 80% diethyl ether and 20% 

acetone, and dried in a vacuum desiccator. It should be emphasized that 

water must be rigorously excluded throughout the procedure. 

Typical analyses of the complexes are: 

(CH3NH3)2CuC14 % chlorine 52.61 calc. 52.50 found 

%copper 23.55 calc. 23.50 found 

[(CH3)4N]2CuC14 % chlorine 40.08 calc. 39.90 found 

%copper 17.96 calc. 17.97 found 

(C2H5NH3)2CuC14 % chlorine 47.63 calc. 47.66 found 

% copper 21.35 calc. 21.26 found 

RESULTS AND DISCUSSION 

General 

The thermograms are given in Figures 1 and 2. In general, the 

thermal decomposition of the copper complexes followed the general 

mechanism: 

heat 
namine + nHX + CuX2 (1) (amine H)„CuX: 

(2) CuX. + 1/20. Hat CuO + X. 

Breaks in the curve were observed which indicated, in most cases, the 

loss of the amine molecule and HX from the copper complex according 

to equation (1). However, horizontal weight levels corresponding to 

the anhydrous copper halides were not obtained because of the follow¬ 

ing competing reactions: 

(3) 2CuX= h-?1 Cu2X2 + X2 

(4) CuX, (solid) CuX, (gas) 
n po f 

(5) CuX2 + l/202 CuO + X2 

These reactions took place immediately after the loss of the amine 

molecules, hence, a horizontal weight level was not obtained. The 

terminal decomposition product for all of the copper complexes was 

CuO. In all of the cases, the amount of CuO was less than the stoichio¬ 

metric amount because of sublimation of the resulting copper halide 

according to equation (4). 

RESULTS OF THE THERMOGRAMS 

bis(Pyridinium)tetrachlorocuprate(lI) (Fig. 1/B). The complex 

began to lose weight at 100°C., giving breaks in the curve at 195°C. 

and 265 °C. The weight loss up to 195°C. corresponded to the loss of 
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Fig. 1. Thermogrms of amine tetarchlorocuprate complexes. 

A. Aniiinium 

B. Pyridinium 

C. Ethylammonium 

D. Methylammonium 

E. p-Toluidinium 
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two pyridine molecules; the total weight loss, up to 265°C., corre¬ 

sponded closely to that expected for the loss of 2 pyridine and 2 HC1 

molecules. Further decomposition took place beyond 265°C. to give the 

CuO level at 480°C. 

bis(Anilinium)tetrachlorocuprate(II) (Fig. 1 /A). The complex be¬ 

gan to lose weight at 115°C. After a period of rapid weight loss, a break 

was observed in the curve at 225 °C. The composition of the curve in 

this region is not known; it did not correspond to the anhydrous CuCL- 

Further decompositoon took place above 225 °C., resulting in the CuO 

level at 695 °C. 

bis(Ethylammonium)tetrachlorocuprate(II) (Fig. 1/C). The com¬ 

plex began to lose weight at 150°C. The rate of weight loss was very 

rapid until 265 °C. was reached. This first weight loss corresponded to 

that expected for the loss of 2 ethylamine and 2HC1 molecules, leaving 

a residue having the composition, CuCL. Further decomposition took 

place above 265°C., giving the CuO level at 540°C. 

bis(Methylammonium)tetrachlorocuprate(Il) (Fig. 1/D). The 

complex began to lose weight at the same temperature as the ethyl- 

amine complex, namely 150°C. This first weight loss corresponded 

approximately to the loss of 2 ethylamine and 2 HC1 molecules. Beyond 

300°C. the rate of weight loss became much slower, resulting in the 

CuO level at 505°C. 

bis(p-Toluidinium)tetrachlorocuprate(II) (Fig. 1/E). The complex 

began to lose weight at 105°C. The rate of weight loss was quite rapid 

at first, giving a break in the curve at 200°C. The composition of the 

curve in this region is not known; it did not correspond to the loss of 2 

amine and 2HC1 molecules. Beyond 200°C., the rate of weight loss was 

quite slow but became much more rapid above 350°C. The CuO level 

began at 575°C. 

bis(T etramethylammonium ) tetrachlorocuprate(ll) ( Fig. 2/B). 

This complex was the most stable of all of the copper complexes studied 

in this investigation. The first weight loss was observed at 235 °C. The 

rate of weight loss was very rapid just above 235 °C. but became much 

slower beyond 340°C. Further decomposition above 340°C resulted 

in the formation of the CuO level at 640 °C. 

Monotriethylammoniumtribromocuprate(ll) (Fig. 2/C). The de- 

gan to lose weight at 105°C. After a period of rapid weight loss, two 

breaks were observed in the curve; one at 215°C., and the other at 

265°C. The composition of the curve at the 215°C. break is unknown 

but at the 265 °C. break, the composition approached that of CuBr2. 

Beyond 265 °C., further decomposition took place to give the CuO level 

at 550°C. 
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Fig. 2. Thermograms of amine copper halide complexes 

A. Pyridinium CuBr4 

B. Teframethylammonium CuCI^ 

C. Triethylammonium CuBr 

D. Pyridinium CuBr., 
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Monotriethylammoniumtribromocuprate(II) (Fig. 2/D). The de¬ 

composition curve for this complex possessed several distinct breaks 

but unfortunately, the composition of the curve at these breaks did not 

correspond to stoichiometric compounds. The curve composition at 

these breaks probably is the resultant of a mixture of compounds which 

would explain their deviation from stoichiometric compounds. 

The first weight loss for the complex began at 75°C., the lowest 

decomposition temperature found in this study. Breaks were observed 

in the curve at 140°C. and 220°C. Beyond 330°C., further decompo¬ 

sition took place resulting in the CuO level at 420°C. 

bis(Pyridinium)tetrabromocuprate(II) (Fig. 2/A). The thermo¬ 

gram for this complex was similar to those for the amine tetrachlo- 

rocuprate complexes in that a break in the curve corresponding to the 

loss of 2 pyridine and 2HBr molecules was found. The complex began 

to lose weight at 110°C., giving a break in the curve at about 275°C. 

The composition of the curve in this region corresponded approxi¬ 

mately to the formula, CuBr2. Further decomposition and weight loss 

above 275°C. resulted in the CuO level at 585°C. 

General Observations. The amine copper chloride complexes began 

to decompose in the temperature range of 100° to 235 °C., while the 

bromide complexes began to decompose in the 75° to 110°C. range. 

Copper oxide weight levels began in the 420°C. to 605°C. temperature 

range. 

Although only 9 copper complexes were studied in this investigation 

a correlation between the amine and the thermal stability of the com¬ 

plex could be made. For the tetrachlorocuprate complexes, the general 

order, in terms of decreasing thermal stability, was: (CFf3)4N + >> 

CH3NH3 + = C2H5NH3 4- > aniline H+ > toluidine H+ > pyridine 

H+ 

Only three copper bromide complexes were studied with the order 

being: 

pyridine H+(CuBr4 ) > pyridine H+(CuBr3~) > (C2H5)3NF1+ 

In the case of three of the tetrachlorocuprate complexes, breaks in 

the curve were found which corresponded to the composition, CuCl2. 

This compound would result if the complex lost two amine and two 

hydrogen chloride molecules as shown in equation (1). Why this 

behavior was not found for the other three amines, aniline, p-toluidine, 

and tetramethylammonium. cannot be explained unless it is on the 

basis of amine volatility. 

For the amine bromocuprate complexes, two cases were found in 

which the curve breaks corresponded to the composition, CuBr2. Again, 
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this would be formed if the copper complex evolved amine and hydro¬ 

gen bromide. 

SUMMARY 

The thermal decomposition of (CH3)4M+, CH3NH3+9 C2H5NH3+, 

anilineH"1", p-toluidineH+, and pyridineH+ tetrachlorocuprate(II), 

pyridineH+ tetrabromocuprate(II), and pyridineH- and (CH3)3NH+ 

tribromocuprate(II) complexes was studied on the thermobalance. The 

complexes began to lose weight in the 75° to 235 °C. temperature range 

with the copper oxide levels being obtained from 420° to 695 °C. A 

possible decomposition mechanism is proposed for the thermal decom¬ 

position process. The thermal decomposition temperatures of the com¬ 

plexes are correlated with the amine cation. 
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Archaic and Paleo-Indian Archaeological 

Discoveries in Western Iowa 

by W. D. FRANKFORTER and GEORGE A. AGOGINO 

Sanford Museum, Cherokee, Iowa and University of 

Wyoming 

Isolated finds of probable Archaic and Paleo-Indian artifacts have 

been made in western Iowa for several decades. These discoveries have 

usually been surface finds, now in private collections for the most part. 

Recently, three sites containing chipped stone implements assignable 

to pre-ceramic groups have been discovered in this area. They are the 

Turin (13MN2), Simonsen or Quimby (13CK61), and Hill (13ML62) 

sites. All are located on the western slope of Iowa along tributaries of 

the Missouri River and are contained within sediments buried from 

thirteen to seventeen feet below the normal surface. 

The Turin and Simonsen sites have produced only a limited number 

of artifacts so far, but contain t}^pologically similar points, suggesting 

a possible cultural relationship. The Simonsen site has recently been 

dated by radiocarbon at 8430 B.P. plus or minus 520 years, but since 

the Turin site has produced no charcoal and tests on the human bone 

have not been completed its exact age remains unknown. The Hill site 

has produced a sizable inventory of artifacts including points, scrapers, 

and knives. A carbon sample from this site has been submitted to the 

University of Michigan Memorial Phoenix Project Radiocarbon Lab¬ 

oratory. 

The Turin site was worked in 1955 by staff members of the Sanford 

Museum, Cherokee, Iowa, and the State University of Iowa, Iowa City. 

A preliminary report was published in the Notes and News section of 

American Antiquity in April, 1956. Four human skeletons were re¬ 

covered from a depth of thirteen to fifteen feet in silty loess overlying 

a gravel pit in the town of Turin, Iowa. A partial bison skeleton was 

recovered from about ten feet lower in the same exposure and under¬ 

lying this in the glacial gravels was found a typical medial Pleistocene 

fauna. The most significant cultural discovery was a single projectile 

point found with one of the human skeletons. 

The Simonsen site is located in a terrace bordering the little Sioux 

River a mile and a quarter west of Quimby, Iowa, approximately forty 

482 
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KNOWN! WESTERN IOWA PRE-CERAMIC SITES 

miles upstream from the Turin site. Although the presence of bison 

bones was reported to the Sanford Museum in 1955, the site was not 

available for extensive investigation until late summer 1958 when the 

river level dropped exposing the cultural and faunal horizon a few feet 

above water level. The Simonsen site was worked cooperatively by 

W. D. Frankforter and George A. Agogino representing the Sanford 

Museum and the University Museum of the State University of South 

Dakota, respectively. 
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The Hill site is located in southwestern Iowa, and the productive 

horizon erodes from a terrace at a point seventeen feet below the 

normal surface along Pony Creek. The site was first revealed during a 

channel relocation project in conjunction with road work by the Mills 

County Highway Department. This site was reported to the Sanford 

Museum in June of 1958 and excavated in August of that year. Re¬ 

mains of five types of vertebrates and a limited gastropod fauna were 

recovered. Many burned bone fragments were found plus evidence of 

hearths. This site-has been reported and discussed in the Newsletter 

of the Northwest Chapter of the Iowa Archaeological Society in March 

1959. 

Of the three sites to be discussed, the Turin site was the first to be 

found and investigated. The original discovery, the unearthing of a 

human skeleton, was made by Mr. Asa Johnston, in the loess overlying 

quarry gravels in July 1955. The burial was found approximately 

fifteen feet below the normal surface during routine quarry operation. 

The discovery was reported to the Department of Sociology and An¬ 

thropology at the State University of Iowa and was investigated by 

R. J. Ruppe' of that department and W. D. Frankforter of the Sanford 

Museum. Following the initial investigation the site was examined 

almost daily for a period of six weeks by the staff of the Sanford 

Museum as well as archaeologists from regional museums and uni¬ 

versities and members of the Smithsonian Institution. During the 

period of excavation which continued intermittently from the time of 

the first discovery until early September three additional human skele¬ 

tons were found. These subsequent burials were encased in plaster in 

the field and prepared in the laboratory for analysis and display 

purposes. One skeleton, that of an adolescent, was accompanied by 

grave offerings. These included small flecks of red hematite, several 

gastropod shell beads, and one large projectile point found in the pelvic 

area. Field observations indicated that this individual had been buried 

in a shallow pit. All three skeletons observed during excavation were 

lying on their left sides in flexed positions. 

All of the human skeletons were found in the same stratigraphic 

horizon approximately thirteen to fifteen feet below the surface of a 

loessic deposit in a short tributary of the Little Sioux River where its 

lower reaches flow into the floodplain of the Missouri River. Although 

the removal of this loess deposit and the underlying gravels continued 

throughout the period of investigation an accurate plat of the site was 

maintained. All discoveries of human or bison remains were plotted 

on this plat and the vertical position was recorded with reference to a 

datum plane. 
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The town of Turin is situated in the valley of the Little Sioux River, 

a sluggish meandering stream that flows in a general direction from 

northeast to southwest. The town of Quimby lies in the same river 

valley. One and one-quarter miles due west of the center of Quimby, 

on the property of Merle Simonsen, the Little Sioux River makes a 

hairpin turn exposing a layer of bison bones along the northwestern 

edge of the loop. The productive layer erodes from an alluvial terrace 

in a horizon fifteen feet below the top of the river bank. -The bone 

stratum is restricted to a zone three to four inches thick, visibly extend¬ 

ing for seventy feet along the bank. The eroding remains have been 

known locally for approximately forty years and are intermittently 

above and below the surface of the river depending upon the season of 

the year and the intensity of the river run off. 

This site was first investigated by the Sanford Museum in 1955 but 

no cultural material was found at this time. Bison skeletal remains 

were prolific but since the horizon was at or even under water level 

recovery of specimens was virtually impossible. In 1956 a half-day 

excavation was conducted under the direction of R. J, Ruppe' but the 

bones recovered were in such poor condition, due to frost action, that 

any hope of obtaining satisfactory material at that time was abandoned. 

Several flakes of chert found during the course of this investigation gave 

the first indication of possible lithic cultural association. However, 

since the productive layer was then almost at the water level no further 

work was planned or conducted at that time. 

While the site was periodically checked by members of the North¬ 

west Chapter of the Iowa Archaeological Society and the Sanford Mu¬ 

seum for the next two years, it was not until the summer of 1958 that 

intensive excavations could begin. That summer was extremely dry 

for western Iowa, and the water of the Little Sioux River dropped to 

an abnormally low level making the bison layer far more accessible 

than ever before. Taking advantage of this abnormal situation, an 

excavation unit was cut into the bank that exposed about 150 square 

feet of the horizon. After a visit to the site by George A. Agogino, ar¬ 

rangements were made for the Sanford Museum and the State Uni¬ 

versity of South Dakota to collaborate on the project. 

The matrix at the cultural horizon is a heavy, tenacious clay, mak¬ 

ing excavation difficult. To facilitate excavation, after the bones were 

removed and the horizon examined for obvious artifacts, the matrix 

was collected in cloth bags and transported to the participating institu¬ 

tions where it was carefully screened. 

Two points were found in the early stages of excavation and the tip 

of a third was recovered during screening in the laboratory. Six crude 
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scrapers were found as were several chips, showing use marks, that 

may have been used as knives. Work continued intermittently through 

the fall of 1958 resulting in the collection of additional bison remains 

and sections of old fire hearths with suitable charcoal fragments for 

radio-carbon processing. One of these hearths was exposed in cross- 

section while a second was exposed from above. 

The Hill site was discovered by Mr. Paul Rowe of Glenwood, Iowa, 

in June of 1958. It was reported to Frankforter who visited the site in 

July along with several members of the Iowa Archaeological Society. 

The productive layer of charcoal, animal bones, and cultural material 

was found eroding from a terrace in a horizon seventeen feet below the 

top of the bank of Pony Creek. Test pits were dug at this time to de¬ 

termine the vertical range of the cultural layer at the site. However, 

because of previous summer commitments, no additional work was 

planned until the latter part of August. Unfortunately, during the in¬ 

terim. heavy flooding destroyed most of the site. Although the site area 

was- greatly reduced, enough cultural and stratigraphic material re¬ 

mained for the investigators to gain an accurate record of the site. 

A large hearth, a smaller burned area, and an ash-covered, fire 

broken rock concentration still remained from which charcoal, animal 

bones and cultural material were obtained “in situ.” The charcoal was 

sent to the Phoenix Laboratory of the University of Michigan for 



ARCHAIC AND PALEO-INDIAN ARCHAEOLOGICAL DISCOVERIES 487 

processing while snails, vertebrate remains and cultural material were 

analyzed at the Sanford Museum. 

The general history of discovery and geographic settings for three 

pre-ceramic sites found recently in western Iowa has been presented. 

The cultural material, its significance, the possible relationships of the 

sites to each other, as well as to other pre-ceramic horizons in the area, 

will now be discussed. 

The single point found with the Turin skeleton is chipped from chal¬ 

cedony. It is side-notched, lanceolate in shape with expanding stem 

and concave base. The projections at the base of the stem are rounded 

and both notches and base have been ground. The artifact also exhibits 

basal thinning and a small amount of secondary flaking on the edges of 

the blades. The point is 63mm. in total length and is 28mm. at the 

widest part of the shoulder. 

Two points and the tip of a third were recovered from the Simonsen 

site. These points resemble the Turin specimen in details of outline, 

notching, flaking, as well as in the grinding of notches and base. They 

differ, however, in being somewhat smaller. It is possible that the 

Turin specimen, since it was a grave offering, may be of atypical size. 

In comparing the Simonsen points with the Turin specimen in the 

ratio of cross-section to total size we find one of the specimens with a 

smaller ratio than the Turin point while the other has a larger ratio. 

Both of the Simonsen points lack the tip and one lacks the stem as well, 

although both superior sections of the notches are present. Because of 

seemingly close typological and stratigraphic connections it is believed 

that both artifacts represent a common point type. The more complete 

point is composed of black cherty flint and the other of pinkish-tan 

mottled quartzite. The estimated total length of the flint point would 

be 47mm. with a maximum shoulder width of 21mm. The quartzite 

point is estimated to be approximately 50mm. in total length with a 

shoulder width of 22mm. These proportions closely agree with similar 

measurements of the Turin projectile. 

Several crude end and side scrapers of orange-red quartzite were 

found at the Simonsen site. Because many of the fortuitous flakes in 

the productive horizon are of the same material it has been suggested 

that these artifacts were made at the site following the bison-kill. 

The Hill site points are side-notched, concave-based, and relatively 

small. They vary from 26 to 41mm. in length and from 14.5 to 21mm. 

in maximum shoulder width. The bases are usually slightly narrower 

behind the notch than at the shoulder width and the “ears” are sharper- 

cornered than in the Turin and Simonsen specimens. The Hill site 
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points are thin and are made of gray to brown fossiliferous chert. Be¬ 

cause of their small size it has been suggested they may be arrowheads. 

The scrapers from this site are varied but two distinctive types of 

notched scrapers are recognized, one being somewhat long and the 

other short and broad. The first type is made from a concavo-convex 

flake exhibiting two prominent longitudinal flakes on its obverse face. 

The second type of notched scraper is relatively flat and is chipped 

around its entire border. 

While the Hill site points are not too dissimilar in typology from 

those found at the Simonsen and Turin locations their small size sug¬ 

gests that the cultural affiliation may not be close. The closest cultural 

similarities for this assemblage seem to come from the nearby Logan 

Creek site in NE Nebraska which exhibits three distinct cultural 

horizons and a total cultural assemblage that could show connections 

with all the sites mentioned in this report. The middle horizon of the 

Logan Creek site, excavated by Marvin Kivett, Nebraska State Histor¬ 

ical Museum, has been radio-carbon dated at 6633 B.P. plus or minus 

200 years. Another possible relationship seems to exist between the 

Hill site and the Medial Archaic horizon of the Modoc Rock Shelter 

near St. Louis. 

The late and post-Wisconsin geologic picture in western Iowa is far 

from complete. Although studies early in this century established a 

broad understanding of Ice Age deposits in western Iowa, detailed 

mapping has only recently begun. The late Pleistocene geology of the 

river valleys in which these sites are located has not been worked in 

sufficient detail to make definite age assignments on this basis. Present 

observations indicate, however, that terrace fills may be thinner or 

their surfaces lower in relation to normal stream level, than those 

believed to be of nearly equivalent age in the periglacial regions of the 

western Great Plains. The influence of adjacent glacial sheets on dep- 

ositional history of valleys in western Iowa is not completely under¬ 

stood, although studies are currently being conducted in this area by 

members of the Soil Conservation Service and others. 

The Turin discoveries were contained within the fill of an extremely 

short tributary located in the loess-covered hills bordering the Missouri 

River valley on the east. This deposit occupies a small valley which, 

prior to the accumulation of the fill, had dissected a till sheet and pene¬ 

trated the upper portion of a thick sand and gravel bed containing 

numerous Medial Pleistocene vertebrate fossils. The presence of this 

fauna, here and in other western Iowa localities, is strong evidence for 

recognizing the overlying till as Illinoian (W. D. Frankforter, 1957, A 

PROBABLE ILLINOIAN TILL IN WESTERN IOWA, Proceedings, 
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Sixty-Seventh Annual Meeting, Nebraska Academy of Science) rather 

than Kansan, as previously believed. 

The fill in which the human skeletons were found is composed of 

colluvial sandy to silty loess near its base and laterally where it pene¬ 

trates or lies against the till and gravel deposits. Higher in the exposure 

it becomes more typically loessic in nature. About six feet below the 

present surface and approximately nine feet above the human remains 

a paleosol is present indicating a period of cessation in sedimentation 

sufficient to allow the production of organic staining through soil for¬ 

mation. 

The relation of this valley fill to other terrace fills in the area has not 

been determined. However, the deposition of a large amount of loess, 

such as represented here, is definitely related to the late or closing 

stages of the Ice Age rather than to the present. 

The Simonsen site occurs in a low terrace-fill bordering the Little 

Sioux River. The surface of the terrace is about eighteen feet above low 

water level in the area excavated and slopes to a slightly lower level 

toward the center of the valley. The cultural horizon also slopes at 

about this same degree so that the downstream portion is at water level 

and may continue beneath it. This terrace extends intermittently for 

several miles up and down the valley and may be traceable throughout 

most of its length. 

The fill material is stratified clays, silts, sands and gravels, with 

several sedimentary breaks which may well be of more temporal sig¬ 

nificance than their minor appearance suggests. At least three such 

breaks were noted. Other terrace surfaces at varying heights above 

water level represent older Late Pleistocene alluviations. 

The radiocarbon date of between eight and nine thousand years B.P. 

on the cultural zone would place this deposit within the post-Mankato 

maximum to early Cochrane as these terms have been commonly used. 

The Hill site cultural zone is located in a fill whose surface com¬ 

prises the main floor of Pony Creek Valley. This deposit has been dis¬ 

sected to varying degrees reaching a depth of approximately forty feet 

in the vicinity of the site. However, to divert the stream for construc¬ 

tion purposes, an artificial bed has been established only twenty-five 

feet below the terrace surface along much of the site. 

The deposit is a laminated gray to gray-buff, sandy silt becoming 

lighter toward the top but darkening in the base of the modern soil. The 

cultural horizon contains numerous iron-stone rootlet concretions and 

many small, irregularly-shaped calcareous concretions. Its relation to 

other fills in the valley has not yet been established. 

Only at the Simonsen site has it been possible to make specific 
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identification of vertebrate remains. The bison here is within the range 

of Bison occidentalis and the available specimens agree with the spe¬ 

cific characteristics of that form. Although based on a limited number 

of individuals, recognition of this species was made prior to the receipt 

of the results of the radiocarbon test and, therefore, was not influenced 

by the knowledge of this date. It is possible that a more complete series 

will show that this population overlaps Bison occidentalis and the living 

B. bison. 

At least eight partially articulated skeletons were observed in the 

site. Unfortunately, skulls, and particularly horncores, were generally 

in poor condition and may have been weathered prior to complete in¬ 

terment by river silts. Many broken and scattered limb bones indicate 

that these elements were cut from the carcasses while strings of verte¬ 

brae and rib cages were left articulated. 

At Turin the bison remains indicate only one individual and since 

this was not associated with the human skeletons, being located 10 feet 

lower in the exposure, can have only limited bearing on their age. Since 

the skull has not been recovered it is not possible to make a specific 

determination. 

Five types of vertebrates have been identified from the Hill site. 

These are bison, deer, mole, bird, and turtle. All remains are fragmen¬ 

tary and insufficient for more than generic assignments. 

From preliminary observations of the Turin, Hill, and Simonsen 

sites it appears that the occupation of these sites must have occurred 

within the retreating phase of the last major ice advance or in the fol¬ 

lowing anathermal. 

The three sites discussed in this paper all seem to represent different 

types of occupation. The Simonsen location seems to have been a bison- 

kill since cultural material here is scarce and more animals seem to 

have been killed than could be utilized at the time. Since nothing has 

been found to suggest lengthy occupation it is probable that the site 

was a one-stop affair. 

The Turin site is not a habitation site in the strict sense but rather a 

burial station. Cultural and geological factors suggest the possibility 

that at Simonsen and Turin we may be dealing with a common ethnic 

group, or two groups closely affiliated in time or culture. 

The Hill site was neither a one-stop affair like Simonsen or a burial 

site like Turin, here the occupation seems to have been maintained for 

a reasonably long time. Animal bones are not found articulated and 

only certain sections seem to have been carried from the kill area to 

this campsite for utilization. 

The discovery of such archaic locations as the Turin, Simonsen, and 
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Hill sites indicates a far heavier pre-ceramic occupation in western 

Iowa than has been suspected in the past. Since no productive strata 

are known to still exist at either the Hill or Turin site future work will 

be concentrated at the Simonsen location. Excavation during 1959 was 

financed by the Des Moines Register and Tribune and by the Amer¬ 

ican Philosophical Society of Philadelphia. It is hoped this work will 

lead other archaeologists to the discovery of additional sites and the 

eventful development of a Paleo-Indian-Archaic chronological-cultural 

sequence in this region. 



Queuing Analysis of Traffic Problems1 

by KERRY KING 

Abilene Christian College 

INTRODUCTION 

The experience of stopping for a traffic signal is common to all of us. 

Considering that this situation is one in which the cars line up in a 

numbered sequence, the choosing of a lane in a multi-laned situation 

becomes an operations research problem. In this paper we will con¬ 

sider the simple problem: two lanes of traffic. The application to more 

complex problems will become evident as we progress. In keeping with 

the terminology of operations research, a car is called a unit, and the 

regulated intersection is called the system. 

A driver entering the area of the system is faced with a decision. He 

must take either the left or the right lane. This assumes that the driver 

wishes to go straight ahead and wishes to wait the shortest length of 

time. In the case of a left or right turn, the driver has no choice but 

must choose the left or right lane, as the case may be. If the right lane 

is chosen, it is very unlikely that there will be any hindering causes 

except the number of units in line ahead of the driver. In the left lane, 

however, there is a possibility of being held for a longer period of time. 

This is due to the time consumed by units ahead which must cut across 

the oncoming traffic lane in order to make a left turn. 

In daily driving we make intuitive decisions as to which lane to 

choose in most instances. For example, if we find a traffic signal situa¬ 

tion in which the numbers of units in each lane are equal, then we 

would instinctively choose the right lane as being less time consuming. 

However, when the number of units in the right lane exceeds the num¬ 

ber in the left lane by two or more, then our decision becomes harder 

and less instinctive. We are more willing to gamble on whether or not 

the unit ahead in the left lane is going to turn. Our problem then be¬ 

comes one of finding proper decision criteria for our choice. 

PROBLEM 

First, let us make a few basic assumptions. We will assume that all 

the drivers in our mathematical model are law-abiding and will make 

1 Presented at the 1958 Collegiate Academy Meeting in Houston. 
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their turns from the proper lane. Also all of them are clearly able to 

distinguish white lines and will go into their lane without blocking 

the other lane. The two lanes are then independent and we may con¬ 

sider each lane separately. 

The Left Lane 

Since the left lane seems to be more complex, let us discuss it before 

studying the simpler right lane. We shall look at the situation from 

the standpoint of probability. Each driver who enters the left lane is 

interested in how long it will take him to pass through the system. 

Since one is interested in passing through as quickly as possible, let us 

label a successful event: one in which a given unit passes through on 

the same light as the unit ahead of it. The probability of this event we 

will denote by “a”. A failure then is the case of a unit which is stopped 

by a light on which the unit ahead passes through. The probability of 

this event we wall call “b”. Let Lij then denote the probability that the 

“i”th unit will pass through on the “j”th light. Except in special cases 

not considered in our mathematical model, the probability of the first 

unit in line passing through the system on the first light is 1. From 

this we reason that it will not take the “i”th unit more than “i” lights 

to pass through the system. Therefore, we will consider only cases in 

which j i. 

What, then, is the probability, Ljj, that the “i”th unit will pass 

through the system on the “j”th light? If i ^ j, then the number of 

successful events which must occur is i—j and the number of failures 

must be j-1 if the “i”th unit succeeds in passing through the system on 

the “j”th light. Consider an example of an order in which this might 

happen. Suppose that the first (i-j) +1 units succeed in passing 

through on the first light. This gives a total of i-j successful events. 

Then the remaining j-2 units make left turns, and the traffic is such 

that each unit must wait through the entire signal, forcing the remain¬ 

ing units to wait. There are then j-1 failures, of which the ‘T’th unit 

is one and the first unit is one. The probability of this order is then: 

b(ai_j) (bj_2) or (ai_j) (bj_1) 

But each of the i-1 units in front of the “i”th one may be stopped or 

succeed in passing through in a number of ways. The various ways 

that these can happen is the permutations of i-1 thing of which i-j are 

alike and j-1 are alike. Li j then becomes: 

(i-D ! 

(!) (i-j) !(j-l) ! 
ai-j Ip-1 



THE TEXAS JOURNAL OF SCIENCE 4,94 

This is consistent with our basic assumption that Lri is equal to 1 for: 

a°b° = l L = O ! O ! 

Again let us consider the problem from the different situations which 

might arise. We will need certain difinitions: 

a -= probability that a unit will turn left 

f3 = probability that the unit will have to wait till the end of the 

signal to turn and thereby prevent the remaining units from 

moving up 

y = probability of moving up (This is the probability that the unit 

will have time to pass through the system after reaching the 

first position.) 

The probability that the 4T’th unit will pass through on the uj”th is 

the probability that the i-1 unit will pass through on the “j”th light 

leaving time for the ‘T’th unit to pass plus the probability that the i-1 

unit passed through on the j-1 light leaving the “i”th unit first in line 

for the “j”th light. Expressed symbolically this becomes: 

(2) Li j — L(i_1) j [y ( 1—a) +«(!-/?)] T L(i_1) (j-n [«/? T(l—a) (1—y) ] 
These terms [y (1—a) + a(1-/3)] and [a/3 + (1-a) (1-y)] are the 

formerly used “a” and “b”. Since a and b contain all possible outcomes, 

(a + b) should be equal to 1. 

y — ay a — a/3 + a/3 T 1 — y — a "f ay = 1 

Calculating using a and b: 

L1]Lll 
Li 9i a L90 b 
L31 — a- 

L41 = a3 

L32 = 2ab 

L42 = 3a2b 

L33 — b2 

L43 = 3ab2 L441 E 

From this it appears that Li3 is the “j”th term in the binominal 

(a T b)i_1. This result which may be verified by mathematical induc¬ 

tion becomes: 

(i-D I 

^ij (i-j) ! (j-1) ! 

as obtained by the first method. 

Thus in the left lane the expected number of lights which the “i”th 

unit must wait is Ei where: 

(3) Ei I 2 Lij (j) 
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The Right Lane 

The right hand lane is a matter of the average number of units. In 

computing this average number we must remember to check at a time 

when the lane is operating at full capacity. If not then we measure only 

the average number of units which do pass through and not the average 

which could pass through. 

Let “u” be the average number of units which pass through the lane 

at full capacity; then the “i”th unit must find the quotient of — which 
u 

is the expected number of lights the “i”th unit must wait. 

(4) E,l — 
j 

CONCLUSIONS 

The decision criteria then becomes a matter of comparing Ei for the 

left lane with Ei for the right lane. By choosing the lane with the 

smallest Ej consistently, the driver may spend the smallest amount of 

time in the queue. This does not mean that in each trial the driver will 

spend exactly the expected value of lights. In some cases the “i”th 

unit may have to wait longer than its expected number. At other times 

the traffic flows faster and the “i”th unit will not have to wait the 

expected value. Taken in the aggregate, however, the average number 

of lights will assume a value close to the expected. 

In cases where the expected number is a fraction of a light, we may 

consider this as denoting the amount of one light which it will take this 

particular unit to pass through the system. For example an Ei of .25 

would mean that the i unit would take one fourth of the light to pass 

through. 

DATA AND SPECIFIC SITUATIONS 

In collecting data for this paper it was found that a 15 minute sample 

period was enough to give the general characteristics of a system. After 

several checks, one system was chosen as possessing average character¬ 

istics. Larger samples were then taken. At random times throughout 

the day data was collected concerning both lanes of the system. This 

data consisted of the number of units passing through on green lights, 

the number stopped at each red signal, the number making a turn, and 

the number who were held for more than one signal cycle. Fig. 1 shows 

a sample data sheet. 
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Red Sig na l 

Unit Turns 

Unit Stopped By Next Red 
Green Signal 
Unit Passes Through On 

Green Signal 

The data collected in this manner gave these values: 

Table 1 

Total units through the system 1302 

Total units through left lane 719 

Total units through right lane 583 

Total units making a left turn 122 

Total units waiting till end of signal to turn 12 

This gives a general idea of the characteristics of this system. Using 

the data it was possible to calculate the various probabilities used in 

the values a and b. 

Table 2 

a = .17 1-a = .83 

P = .24 1-/3 = .76 

7 = .90 1-7 = .10 

Then: and: 

a .87 u = 3.4 

b = .13 

Following is a table of various situations and their values. 
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Table 3 

No. in lane (i) Left Ei Right Ej 

1 1 .29 
2 1.13 .68 
3 1.28 .88 
4 1.36 1.18 
5 1.43 1.47 
6 1.63 1.77 
7 1.84 2.06 
8 1.93 2.46 
9 1.97 2.55 

A judicious use of this table of values should yield a savings in the time each of us 
spends “waiting for the light to change.” 



Science in Texas 

The University of Texas will add closed-circuit television to its fa¬ 

cilities for teaching introductory biology laboratory courses. The first 

televised demonstration lecture will be shown as soon as a necessary 

closed-circuit cable is laid, Dr. Irwin Spear, TV biology teaching pro¬ 

ject coordinator, said. Some 700 biology students in 12 laboratory 

sections will see the lectures. The first two programs have been filmed 

on videotape for showing on a trial basis and five additional videotapes 

will be prepared for spring semester showing. 

★ ★ ★ ★ 

The National Science Foundation will sponsor four Collegiate 

Science Research Conferences for superior undergraduate students 

with an interest in natural sciences and enrolled in one of the junior 

or senior colleges of Texas not offering a Ph.D. degree. The host insti¬ 

tutions are Texas A. and M., College Station, December 14 and 15; 

Texas Technological College, Lubbock, February 4 and 5; The Uni¬ 

versity of Texas, Austin, March 3 and 4; and North Texas State Col¬ 

lege and Texas Woman’s University in Denton, Southwestern Medical 

School, Wadley Blood Center and Texas Instruments Company in 

Dallas, April 7 and 8. For further information, write to: Charles La- 

Motte, Director, Collegiate Science Research Conferences, Biology 

Department. Texas A. and M. College. College Station, Texas. 

★ ★ ★ ★ 

Alvin J. Luedecke, general manager of the U.S. Atomic Energy 

Commission, was general chairman of the second annual Texas con¬ 

ference on the utilization of atomic energy, held on the campus of 

Texas A. and M. College, November 12 and 13. Nuclear scientists from 

throughout the nation presented papers on the latest developments in 

the use of atomic energy during the two-day meeting. 

★ ★ ★ ★ 

The University of Texas has opened its new Electron Microscope 

Laboratory featuring two powerful instruments that will enable Uni¬ 

versity scientists to see in precise detail the smallest particles in plant 

and animal cells. Magnification up to two million times is possible 

cation with a conventional light microscope. Special attachments on 

with the new, larger microscope, as compared to 2,500 times magnifi- 

the new microscope allow 200,000 times initial magnification, and 
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further magnification may be obtained by photographic enlargment. 

Dr. Gordon Whaley, Graduate School dean and Plant Research Insti¬ 

tute director, is in charge of the laboratory. New staff members who 

will manage laboratory operations are C. Willard Lewis, formerly 

in electron microscopy research at M. D. Anderson Hospital and 

Tumor Institute, Houston; and Hilton Mollenhauer, who just com¬ 

pleted his electrical engineering doctoral research on the electron 

microscope at Southwestern Medical School, Dallas. 

★ ★ ★ ★ 

The National Science Foundation has announced the award of a 

$9,000 grant in botany to Dr. Walter H. Lewis, assistant professor of 

biology at Stephen F. Austin State College, for a two-year study on 

the “Cytotaxonomy of the Tribe OldenlancLieae (Rubiaceae) in North 

and Central America,” which includes the common spring-flowering 

‘bluets’ of East Texas roadsides. Other members of this large and im¬ 

portant tropical family are the coffee plant and the gardenias. 

★ ★ ★ ★ 

Three University of Texas scientists have received $25,836 from 

the U.S. Atomic Energy Commission to support their research for one 

year. Dr. Raruch S. Jacobson, zoology instructor, received $11,040 for 

studies of “reversal of radiation damage in algae;” Dr. Frederick J. 

Ronte, radiology professor at Southwestern Medical School in Dallas, 

received $8,795 for research on “changes in radiation quality with 

depth, measured by biological system;” and Dr. Howard T. Odum, 

director of the University’s Institute of Marine Science at Port Aran¬ 

sas, received $6,000 for research on “the normal zinc cycle in a pro¬ 

ductive bay.” 
★ ★ ★ ★ 

The University of Texas Institute of Marine Science at Port Aran¬ 

sas has received $10,000 research support from the Rockefeller Foun¬ 

dation in New York. Dr. Howard T. Odum, Institute director, will use 

the one-year grant to finance research in ecology. 

★ ★ ★ ★ 

Texas A. and M. College is one of 14 colleges and universities spon¬ 

soring graduate fellowships in atmospheric research for the 1959-60 

academic year. Ten fellowships of $4,000 each will be awarded for 

graduate work in atmospheric research at A. and M. College or at and 

of the other colleges and universities that make up the University Com¬ 

mittee on Atmospheric Research. Each of these institutions has a gradu¬ 

ate program in meteorology. In addition to Texas A. and M. College, 

institutions comprising this committee include the University of Ari- 
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zona, University of California at Los Angeles, University of Chicago, 

Cornell University, Florida State University, Johns Hopkins Univer¬ 

sity, Massachusetts Institute of Technology, University of Michigan, 

New York University, Pennsylvania State University, St. Louis Uni¬ 

versity, University of Washington, and University of Wisconsin. The 

committee has received $40,000 from the Alfred P. Sloan Foundation 

for the fellowships. 

★ ★ ★ ★ 

The University of Texas has received an unrestricted grant of $1,000 

from the Creole Petroleum Corporation, U. S. oil producing company 

in Venezuela. The grant was given in recognition of the attendance of 

two Venezuelan students, Roberto Callarotti of Caracas and Charlse 

C. Wilmeth of Barcelona. Both are studying at the University on 

Creole Foundation Fellowships. 

★ ★ ★ ★ 

Dr. Addison E. Lee, University of Texas botanist, has been appointed 

a consultant to a nation-wide project to film a high school biology 

course for television and classroom use. Some 100 of the nation’s lead¬ 

ing biologists will cooperate on the American Institute of Biological 

Sciences project. The biologists will meet in small groups to plan the 

films expected to be in use by September, 1960. The film series of lec¬ 

ture-demonstrations will closely relate to the classroom teaching, stu¬ 

dent study guides, laboratory and field work. 

★ ★ ★ * 

Plans have been completed for the construction of a petroleum 

engineering building at Texas A. and M. College. Bids for construction 

were received on February 10. 1959. The board of directors of the 

Texas A. and M. College System has allocated $1,140,000 for the new 

structure, including furniture and equipment. The three-story struc¬ 

ture will be erected on a site just east of the present engineering build¬ 

ing. It will be 200 feet long and will contain approximately 43.000 

square feet of floor space. Design will be contemporary. Robert L. 

Whiting, professor and head of the Petroleum Engineering Depart¬ 

ment, said the building will contain classrooms and laboratories for 

undergraduates and research laboratories for graduate students. Con¬ 

nected to the main building by a covered passageway will be a one- 

story, high pressure wing. This part of the building is designed for 

research on high pressure volatile fluids. Plans for the building, which 

will house the Petroleum Engineering Department and the Texas 

Petroleum Research Committee, have been prepared by Ingram and 

Harris, a Beaumont architectural firm. 
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Heretofore unknown details of clay and related work microstruc¬ 

tures have been recently revealed through special studies in the Elec¬ 

tron Microscope Laboratories of Texas A. and M. College. The infor¬ 

mation acquired is the first of the kind necessary to unravel many 

complexities associated with the formation and physical properties of 

marine bottom deposits and terrestrial soils. Its future potential values 

in the fields of agriculture, petroleum geology, oceanography, and 

ceramics are of immeasurable greatness, it is pointed out. This work, 

carried out by Dr. U. Grant Whitehouse, technical director of the 

Electron Microscopy Laboratories, and his associates, Miss Lela M. 

Jeffrey and James D. Debbrecht, represents the fruit of a cooperative 

effort by the Texas A. and M. College Department of Oceanography 

and Meteorology and the Laboratories. The results obtained, which 

constitute a definite scientific “breakthrough” in a scientific zone that 

has resisted the challenge of many other investigators, were described 

by Dr. Whitehouse before the recent 7th National Conference on Clays 

and Clay Minerals in Washington, D. C. 

★ ★ ★ ★ 

Dr. Robert M. Holcomb, professor of civil engineering, Texas A. and 

M. College, has been presented the Convair Award for Excellence in 

Engineering Teaching. The award—a check for $1,200—was pre¬ 

sented at a luncheon on the campus in May by H. W. Hinckley, 

assistant chief engineer, Product Design, Convair. Hinckley was 

accompanied by H. A. Bodley, administrative assistant. Dr. Holcomb, 

a member of the faculty of A. and M. College since 1947 was chosen 

for the award by the Executive Committee of the School of Engineer¬ 

ing. A native of Sapulpa, Oklahoma, he received a R.S. degree in civil 

engineering from the University of Arizona in 1936. He graduated 

with special honors. He received his M.S. degree in structural engi¬ 

neering in 1941 and his Ph.D. in structural engineering in 1956, both 

from Iowa State College. Following his graduation from the University 

of Arizona, Dr. Holcomb served for a time as a junior engineer with 

the Arizona Highway Department. He has also been on the staff of 

the U.S. Bureau of Reclamation in Phoenix, Arizona, and with the 

Radiation Laboratory, University of California at Berkeley. Dr. Hol¬ 

comb’s first teaching experience was at the University of Arizona 

where he was instructor in civil engineering, 1938-40. He was an 

instructor in general engineering at Iowa State College, 1940-41. In 

addition to his teaching at A. and M. College, Dr. Holcomb has devel¬ 

oped syllabi for 13 new graduate courses in structural engineering, 

has prepared a plan for expanding the graduate program, is a member 
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of the Committee on Graduate Instruction for the School of Engineer¬ 

ing, chairman of the Scholarship committee of the Civil Engineering 

Department, and is chairman of a committee of representatives from 

various engineering departments and the Texas Transportation Insti¬ 

tute to survey all existing courses in mechanics and structures to 

determine what is needed in this area. Dr. Holcomb is a member of 

several scientific and professional societies, including the American 

Society of Civil Engineers, of which he is a former president of the 

Brazos Branch; the American Society for Engineering Education, 

American Concrete Institute and the American Society of Professional 

Engineers. He also has membership in Tau Beta Pi and Sigma Xi and 

is a former president of the A. and M. Chapter of Phi Kappa Phi. Dr. 

Holcomb is the author of a number of technical publications and has 

served as a consulting engineer on the use of concrete in offshore 

structures, for the Humble Oil Company, and on trailer body design 

for the Lufkin Trailer Company. 

★ ★ ★ ★ 

Richard C. Wood has joined Texas Instruments Incorporated as 

Marketing Manager, Advanced Technologies, in the Central Staff 

Marketing division, it was announced by S. T. Harris, Vice-President 

—Marketing. In the newly-created position, Mr. Wood will be respon¬ 

sible for marketing of the research and development activities under¬ 

taken by TPs Central Research Laboratory and he also will coordinate 

the company’s relations with agencies of the U.S. Government, Mr. 

Harris said. Mr. Wood came to Texas Instruments from Lever Brothers 

in New York where he was sales manager of the industrial edible 

products department. He has had previous experience in various 

capacities with other companies in the chemical industry. Mr. Wood 

served in the Air Force Weather Service in North Africa and Europe 

during World War II and was released from activity in 1945 as a 

Lieutenant-Colonel. In 1945-46 he was with the Department of State 

as an Auxiliary Foreign Service Officer in the Budapest, Hungary, 

embassy specializing in economic affairs. He was graduated from the 

University of Rhode Island in 1933 with a B.S. degree in chemical 

engineering and received a Ph.D. degree in physical chemistry from 

New York University in 1936. 

★ ★ ★ ★ 

Mr. E. O. Vetter, an Assistant Vice-President since 1958, has been 

elected a Vice-President of Texas Instruments Incorporated effective 

August 1, President P. E. Haggerty announced. Mr. Haggerty said 

Mr. Vetter also will assume on September 1 the position of division 
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manager of Metals & Controls division of Texas Instruments in Attle¬ 

boro, Massachusetts, where he has been assigned for the past several 

months as general manager. C. J. Thomsen, Vice-President and 

division manager of the Metal & Controls division, will resume the 

position of Vice-President, Control and Finance, which he held prior 

to his present assignment. Mr. Thomsen will return to Dallas head¬ 

quarters on September 1. After joining TI in 1952 Mr. Vetter served 

as Vice-President of Geophysical Service, Inc., TI’s exploration sub¬ 

sidiary, and thereafter he was manager of the Industrial Instrumenta¬ 

tion division in Houston, now a part of TPs combines GeoSciences and 

Instrumentation division. Mr. Vetter was associated with Standard Oil 

of California before joining TI. He is a graduate of Massachusetts 

Institute of Technology, a member of the Institute of Radio Engineers 

and the Instrument Society of America. 

★ ★ ★ ★ 

Ninteen Texas teachers have summer study scholarships from the 

University of Texas Teacher Education Foundation, through a grant 

from Houston Endowment, Inc. The grant provides $5,000 a year for 

five years. Scholarships range from $100 to $300 each. The 19 scholar¬ 

ship recipients, selected from hundreds of applicants, are engaged in 

advanced study in subject-matter fields ranging from arithmetic to 

zoology. All are teachers in elementary or secondary schools. “This 

program represents one of the best approaches we have seen to the 

strengthening of Texas elementary and high school programs,” Dr. 

L. D. Haskew, College of Education dean, said. “It proves that school 

teachers are anxious to keep abreast of subject-matter demands when 

they can afford to do so. I just wish we had 100 such scholarships to 

offer.” Seven of the scholarship winners teach in Houston schools: 

Miss Shirley Ruth Bassett, Mrs. Lucy B. Ford, Mrs. Mary Ruth Hoff, 

Miss Mildred E. Liles, Mrs. Martha Evelyn McGinty, Miss Shirley 

Jo Needham and James F. Willis. Five are Austin teachers: Mrs. 

Evelyn R. Bond, Mrs. Frances Rainwater, Miss Julia Roberts, Mrs. 

Marjorie Walsleben and Mrs. Mary Alyce Wishart. Representing 

other school systems are Mrs. Ruby May Breedlove and Roy E. Young, 

San Angelo; Miss Ann Crews, Pasadena; Mrs. Dila Shaw Davis, 

Spring Branch; Mrs. Olna Montgomery, Andrews; Alford L. Rushing, 

Odessa; and Don R. Whitmore, Katy. 



Affairs of the Texas Academy 

The Board of Directors of the Texas Academy of Science met in 

Austin October 5, and selected the scientists for the Visiting Scientist 

Program. Four hundred and sixty scientists were nominated for the 

program and, of these, two hundred and thirty-seven agreed to serve 

if selected. Fifty-six indicated that they would not be able to partici¬ 

pate, but indicated strong support of the program otherwise. The 

scientists selected are as follows: 

1. Allred, Dr. John C. Univ. of Houston Physics 

2. Baldauf, Dr. Richard J. Texas A & M Zoology 

3. Berkman, Dr. Anton H. Texas Western Biology 

4. Biser, Prof. Roy H. Lamar Tech Physics 

5. Bonner, Dr. Robert D. Texas Southern Botany 

6. Bottom, Dr. Virgil E. McMurry College Physics 

7. Calvin, Dr. D. Bailey U. of Texas Med. Branch Biochemistry 

8. Camp, Dr. Earl D. Texas Tech Botany 

9. Cheatum, Dr. E. P. Southern Methodist Univ. Zoology 

10. DeCoursey, Dr. Elbert Southwest Research Inst. Pathology 

11. Dennis, Dr. Joe Texas Tech Biochemistry 

12. Doak, Dr. C. C. Texas A & M Biology 

13. Duncan, Dr. Donald U. of Texas Med. Branch Anatomy 

14. Eads, Dr. Richard A. College Station (Consultant) Chemistry 

15. Eakin, Dr. Robert E. University of Texas Chemistry 

16. Ellison, Dr. Samuel P. University of Texas Geology 

17. Escue, Dr. R. B., Jr. North Texas State Chemistry 

18. Ettlinger, Dr. H. J. University of Texas Mathematics 

19. Ferrone, Dr. Bennie A. University of Texas Chemistry 

20. Guthrie, Dr. Rufus K. North Texas State Bacteriology 

21. Ham, Dr. Joe S. Texas A & M Physics 

22. Hewatt, Dr. Willis G. Texas Christian Univ. Zoology 

23. Hubbs, Dr. Clark University of Texas Zoology 

24. Jehn, Prof. Kenneth University of Texas Meteorology 

25. Kent, Prof. Jack T. Texas A & M Mathematics & Astronomy 

26. Kornicker, Dr. Louis U. of Texas Marine Sci. Inst. Marine Geology 

27. Leipper, Dr. Dale F. Texas A & M Oceanography 

28. Lewis, Dr. Edward S. Rice Institute Chemistry 

29. Little, Dr. R. N. University of Texas Physics 

30. Rogers, Dr. Lorene L. University of Texas Biochemistry 

31. Schofield, Dr. James R. Baylor Medical School Medicine 

32. Sherman, Dr. Robert C. North Texas State Biology 

33. Silvey, Dr. J. K. G. North Texas State Microbiology 

34. Stubblefield, Dr. C. T. Prairie View A & M Chemistry 

35. Thomas, Dr. H. C. Texas Tech Physics 

36. Turner, Dr. Billie University of Texas Botany 

37. Tweedie, Dr. Virgil L. Baylor University Chemistry 

38. Warnock, Dr. Barton H. Sul Ross State College Botany 

39. Witt, Dr. Paul C. Abilene Christian College Chemistry 

40. Workman, Dr. E. J. N. M. Inst, of M. & T. (Pres.) Physics 

41. Wyss, Dr. Orville University of Texas Bacteriology 

The program director is also soliciting scientists from industry who 

will be able to participate in the program in addition to those named. 
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